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PREFACE. 



This mak conmBta mainly of papers written for the 'EngUgli 
Mechanic,' together with other papers which have appeared in the 
' Telegraphic Journal :" the whole haa however been rearranged and 
in great part rewritten to fit the matter for its new form. 

A few words npon the aim of the Author may prevent Bome 
mieconceptions. This book is not meant to be a mere addition to 
the already numerous Text-Books which collect together a nnmber 
of isolated focts and leave the reader to digest them e^ best he can ; 
nor is it addressed mainly to the professional electrician or the 
practical manniactnrer, thongh it is hoped it may be useful to both. 

It is written chiefly for that Jorge and increasing daes of thinking 
people who find pleasure in the study of science, and seek to obtain 
a full and accurate scientific knowledge for its own sake, or as part 
of the necessary mental preparation for many of the departments 
of modem life. The object, therefore, has been to review the 
leading and essential &ots and to so systematize them as to form of 
them a catalogue raisonnSe, in which all information obtained else- 
where may be readily inserted, and be as readily available when 
required. Many mere facts found in all other books on electricity 
may here be omitted or only slightly glanced at ; but, on the oth» 
hand, prindplee are dwelt upon, and the instruments necessary to 
their study fully explained, so that those who have some mechanical 
aptitude may construct them for themselves, the very best possible 
way of understanding them. 

The application of the force to the proceasea of electro-metallurgy, 
however, has been dealt with firom a practical point of view, and it 
is hoped that in this and also in other parts of the work, the 
numerous questions whicdi for some years have been addressed to 



the writer in the pt^es of the 'English Meohanio ' will haTa prored 
a gnide to the partionlar pdsts reqniiing attention, and tlie 
difficulties most likely to arise. 

The sal^ects not fnlly entered on in this Tolnme will be dealt 
with in future papers in the 'English Mechanic' (where also 
answers to any difScnlties will be given), and may nltimatel; form 
another volnme. 
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ELECTRICITY. 



CHAPTER I. 
INTRODUOTOEY. 



I. When we endeavonr to analyze and simplify' our ideae of the 
universe of which we form part, we find that we reduce it to three 
ilietinct conceptions, which we define as Essences or EnHtieg, viz. 
Mattes, Forcb, and Spirit. We cannot separate these or really 
conceive either one by itself, yet as mathematioianB abstract parti- 
cular qualities and functions and express them by symbols, so we 
do with theae primary entities : the first we conceive as inert in 
itself, the second as that which acts upon and moves matter, and 
the third as that which controls both, and alone possesses volition 
and intelligence. We next develop in our minds the several forms 
and actions of these entities, and hence arise the two main divisions 
of human thought, each of which in turn assumes the higher im~ 
portance, either in the individual minds adapted to them, or in the 
different periods at which men's minds have been more generally 
'Urected to one or the other of these forms of thoi^ht. 

I. Physios, the study of the nature and relations of matteT and 
'orce, pursued by means of observation and induction, and tested by 
xperiment. 

n. Mbtaphybios, chiefly directed to the third great conception, 
dtd pursaed by means of lAservaiion and induction, experiment being 
" yet inapplicable. 

Physics are therefore the basis of all our real knowledge, while 
metaphysics, at best, have only attained to the position of " guessing 
at Truth." 

Let us direct onr attention to what branch of physics we may, 
it will be found wholly incomprehensible unless we also eramine 
most other branches ; hence the study of electricity can only be 
successfully pursued by first attaining clear general views of 
matter and force, and of those fundamental doctrines the details of 
which beloi^ to the sciences of chemistry and mechanics. Che- 
mistry has gone through such changes of late, and many of its 



terme and doctriuee are so differently treated by different writers, 
that I think it better not to refer tlie reader altogether to works 
treating of tiiia branch of knowledge, bat to give here the neceaaary 
general outline of the facts, principles, and terms which will he 
employed, to serre as it were as an ontline chart, by which we may 
afterwards travel intelligently through the land we desire to 
explore. 

2. Mattes. — Of the eseonce or nature of matter itself we 
know absolutely nothing, and never shall know anything ; but of Its 
properties, whether they bo inherent in its own essence or due to 
the action of forces connected with it, we know a good deal. 

Matter, as known to us, consists of oertain forms which we call 
elements, because they are the simplest substances we have yet 
attained to. These may, for all we know, be composed of varying 
mixtures of yet simpler forms of matter ; but true science, as dis- 
tinguished from metaphysics, refuses to admit the " mat/ he," but 
rests on what is proved. Therefore, in science, matter means the 
elements and their compounds. 

3. Elbmbnts. — Of these at present siity-five are known. They 
exist as gases, such as hydrogen and oxygen; as liquids, like 
bromine and mercury ; and as solids, such as carbon and the long 
list of metals ; but these physical states are not essential to their 
nature, they depend only on their existing relations to force, as heat 
and pressure ; and as we can, by altering the conditions of force, 
cause most of them to jtass &om one state to the others, so there is 
no reason to doubt tl^t every gas can assume the solid form, and 
every solid become a gas, under sufficiently altered conditions of 
force. 

4. Atous. — There is abundant evidence that these elements exist 
in the form of ultimate particles called atoms, possessing definite 
dimensions and weight. Though these atoms are practically infi- 
nitely small and beyond our powers of measurement or even eou- 
oeption, yet their existence is not a mere hypothesis, but a logical 
deduction from well-proved facts. All the actions of matter prove 

. their existence, and the whole framework of modem chemistry, 
and, indeed, of all the natural sciences, is based on the atom. 

There have been many discussions as to the actual existence of 
atoms, which have been really battles about words, "Atom" means, 
in fact, incapable of division, and it requires no elaborate mathe- 
matical analysis to show that any particle having dimensions and 
weight, however small, must be theoretically capable of being di- 
vided : but we need not encumber oorselvos with any hypothesis 
as to the atom being infinitely hard and so on, as subtle reasouers 
about things beyond our knowledge continnally do ; all we need is 
to consider the atom as the ultimate particle of each form of 

^ -n,o,i7PcihyGt.)tJ^le 



UTTRODUCTORT. 3 

matter, an<] &At if divided, it would no longer remain tbat form of 

matter. 

The atom has Boveral relations to force : (i) to gravity, which de- 
pends on ita mass simply, nithont reference to its nature ; (i) to 
neat, whicli for each physical form of matter is the same for all 
atotos; (3) chemical affinity, which variee between every different 
olass of atoms. 

5. Eteer. — BesideB the ordinary known matter there appears to 
be something pervading all space, thongh so thin or attenuated as 
Bcarcely to come within the common idea of matter as something 
tangible. That it exists astronomy affords as actnal evidence, but 
what it i-eally is we have no means of ascertaining, because it is 
imposeible to lay hold of and analyze it ; bnt the more we learn of 
the actions which take place in our own and the other snns, the 
'teore probable it becomes that it is ordinary matter in an ultra- 

gaseotts condition, but whether retaining the state of ordinary ele- 
ments, or whether resolved into a more simple form, or even into a 
non-atomio state, we do not know, nor are we ever likely to leant 
except by deduction from its actions, Bnt all systems of physical 
philosophy alike require this so-called " ether," fbr so far as the 
probabilities of sevraal hypotheses are conoemed, there is no dif- 
ference between this one ethereal form of matter transmitting the 
impulses of the forces, and a Inminiferons agent issuing from tlio 
sun, or an electrical floid pervading space and matter, except that 
the first — tbe modem theory — is by far the most simple and most 
accordant with the &ct8 needing explanation. 

This hypothetical ether is being gradually made to fulfil more 
and more of the functions for which the older philosophers invented 
separate "flnida," and in this there lies a new danger for real science. 
We know absolutely nothing abont the ether, and these applications 
of it are little more than guesses : but when a word is invented 
to cover a difficulty, people easily come to believe that tliis word 
actually explains the matter. 

6. AroMioiTT OE Valknot of Atosis. — Within the last few years 
chemistry has undergone a complete revolution, and one of the 
leading features of the new system ia the idea of molecular types, 
these being dne to the atoms having different exchangeable valaes. 
One of the oldest ideas of the atom was that matter had no real 
existence, and that atoms were simply centres of force. The 
modem idea is, that though the atom is a material body, it acts as 
a centre of force, and that the atoms of different elements differ by 
possessing one, two, or more soch centres, or foci of influence. 
Hence the elements are classifed as monads, monatomic or univa- 
lent, having only one attraction, such as hydrogen, chlorine, &o, ; 
dyads, diat(nnic or bivalent, having two attractions, as sulphur, or 

,-B 2 I 

D,o,l7«JhyLTt.)tJ'^le 



oxygen; triada, trifttomic or tervalent, with three attractions, as 
nitrogen ; tetrads, tetratomic or quadrivalent, harviug four attrac~ 
tions, as carbon, and so on. 

The words atomicity and valency are frequently nsed as synony- 
mous ; but there ia a tendency to attach the first term more to the 
theoretical explanation of the nature of the atom, vhQe valency ex- 
presses the fact that atoms of the weights now accepted do, in com- 
bination or substitution, replace i, 2, 3, or 4 atoms of hydrogen. 
This involves no theory, and whenever I use the word TUtlency it 
must be understood as expressing this fact, not as necessitating the 
explanation of which an outline follows. 

7. It is conceived that the atoms of which matter is built np are 
not in absolnte contact, but are separated by spaces (containing 
ether) in which they move freely under the several forces to which 
they are exposed, these motions replacing in modem theory the 
atmospheres of forces or fluids whi<ii used to be believed in. The 
atoms are held together by the attraction or force which we call 
affinity, exerted across these intervenii^ spaces. 

In any act of combination or decomposition, nothing less than 
one atom of any substance comsemed can take part or undergo a 
change of its relation to other substances, but these relations are 
governed by the number of attractions proper to itself. Thus an 
atom of hydrogen (i) can only combine wifli one atom of chlorine 
(i) to constitute hydrochloric acid; two atoms of hydrogen (i) 
unite with one of oxygen (a) to form water; three atoms of 
hydrogen with one of nitrogen (3) form ammonia, and fonr with 
one of carbon (4) make marsh gas, these being four of the typical 
forms to which chemical combinations are referred, not mertily for 
convenience, but because they are all bodies actually existing, and 
playing important parts in the chemistry of nature, and also 
because they are forms which would result &om the several 
atomicities, if these really exist. 

As to the actual shapes of the atoms we know nothing ; hut to 
enable readers more clearly to realize the theory set before them, 
I employ diagrams in which tlie several atoms are represented by 
circles containing dots to mark their atomicities, and surrounded 
by another circle to mark the space which separates them from 
each other and in which they 
; but it must be understood 
that these diagrams are only aids 
' to the imagination ; they repre- 
sent ideas, but by no means must 
be taken for actual pictures of the things they may aid us to 
conceive. We may therefore picture Hie various classes of atoms 
as in F^. i. 
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ISTEODUCTORT. 5 

8. Thr M0LE0CT.B, — Until very recently the words atom and 
molecnle were treated as almost synonymous, but the rapid growth 
of modern chemietry has required a more exact definition of ideas, 
though even yet, as to compounds, the word molecnle is not nn- 
ft'equently used where atom or radical would be more correct. 
The strict meaning of the word now is the smallest quantity of a 
snbstance which is capable of separate existence as a &ee body. 
With this meaning the word is equally fitted for use in chemistry 
and in general physics. 

It ia therefore a body in which all the attractions or valendee 
are satisfied, leaying the combined atoms to act as a whole from 
one centre, so far as snch forces as gravitation, cohesion, heat, &c., 
are concerned. A body whose atomic attractions are not thus 
satisfied, though it be complete in one chemical sense, and has a 
real existence, yet cannot exist by itself, and therefore is not a 
molecnle but a compound atom or radical, becanse indivisible 
without change of nature ; to become a molecule it most unite with 
another body or bodies sufficient to satisfy its attractions. 

This applies equally to elementary and compound bodies, and 
therefore every molecnle must consist of at least two atoms — 
distinct, yet united — and acting as a whole on surrounding bodies. 
Hence a piece of copper wire is not built up of atoms, as in 
Fig. 2, but the atoms are coupled together, £ret as molecoles, as 
in Fig. J. 





It is evident that as regards simple elements, two atoms, whatever 
their atomicity, can form a molecule by satisfyiBg each other, and 
this ia the usual form of elementary molecule ; but there are some 
of which the molecule may probably contain several atoms, and 
others, such as carbon (§ 142) and phosphoms, which exist in 
several conditiMis, or allotropic states, the cause of which may be, 
that the molecules in theee different states contain different numbers 
cf atoms, but as this has no direct bearing on electricity, it need 
only be glanced at. (See § 29.) 

9. MoLEOULAB Ttfxs. — When different elements enter into com- 
bination, the nnmber of atoms forming the molecule will depend on 
the relative valencies of the several atoms, and boice w« arrive at 
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6 ELECTRICITY. 

cert&is typical fonne or molecular ekeletonB, to wliich all componnd 
bodies are related. A luiivaleiit atom can only join a single uuiva- 
lent atom, and this fumislies the first typ«^ Fig. 4. Heie the two 
atoms, I and 2, iu molecule A, may be both hydrogen H' H', or 
both chlorine, Gl' Gl' forming the free molecnle of hydrogen or 
chloriite; if i is hydrogen imd 2 chlorine we have H' (3', the 
moleoule of free hydrochloric acid; and if we substitute sodiom 
for the hydrogen in this, we have Na' CI' the molecule of common 
salt, and if we now snbstitnte iodine for the chlorine we have Na' I' 
iodide of sodium. Fig. 4 A, in fact, shows a molecular frame, 
which we may fill up at pleasnre with univalent substances without 
destroying the molecular coustitntion, and when submitted to the 
action of an electric current, the body, be it what it may, whioli 
oconpies the position of atom i, will ^ways appear at one pole, 
and atom 2 at the other pole. 

The molecular eqnilibrinm will not even be destroyed if we 
substitute a compound atom or radical for either or both of these 
atoms ; thus returning to the sodium iodide, the iodine may be 
replaced by cyanogen Cy' (whicb being C" N' " has one attraction 
unBatiefied) producing sodium cyanide Na' Cy', and then finally 
the sodium may be exchanged for the monatomic radical of alcohol, 
ethyl OjHj to form cyanide of ethyl I have gone somewhat fully ■ 
into this type, in order to give the general principle applicable to 
all — viz. that any typical atom in any molecule may be replaced 
by another atom of similar valency, withont altering the arrange- 
ment of the molecule, and iu so doing its chemioal properties will 
only be gradually affected, according to the properties of the sub- 
stituted atoms, without changing its relations to electrical force. 
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Molecule, B, in Fig. 4, is intended to show that the same type 
includes bodies of higher valency, where only two atoms of equal 
valency, each satisfying the other, are contained in the molecule ; 
80 that this type includes the molecules of the elements, and of 
many radicals in the &ee form, thongh A, Fig. 4, is that which is 
called the Lydroohlorio acid type. 

The next is the Watbb Ttfb tt Jo or HjO, in which one diatomic 



atom unites with two monatomic atoms. 
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UTTRODDCTOET. 7 

Bere, as in the first and in all other molecnlar forms, each atom ia 
capable of being exchanged for any other of equal valne ; thus, the 
hydrogen atom i may be replaced by potasBiom, and we have 
TTr[0" hydrate of potash; again, 2 may be similarly replaced, 
giving T^. >0" or E^O, potassium oxide ; or instead of the hydrogen, 
the oxygen atom 3 may be exchanged for another diatomic atom, 
as sniphur giving j[i[8" o' HjS, sulphuretted hydrogen. 

Two ideal forms of this molecnle are given, because neither will 
convey the whole truth, for we may conceive that both the hydrogen 
atoms arc equally held to the oxygen in water, which is the form A, 
or one of them may be held more strongly than the other. There 
is good reason to suppose that the latter is the case in ordinary 
circnmstances, and that atom 1 of the H is more closely unitedx' 
than 2 to the ; that HO first form a monatomic radical kno'^n 
as hydroxyl, to which the second atom of hydrogen is united. A 
strong support to this idea is found in what are called isomerio 
bodies, containing exactly the same elements in the same propor- 
tions, yet having somewhat difi'erent properties. It is evident that 
in Fig. 5 B there would he a difference according as atom i or 2 
was replaced by another element. Still, Fig, 5 A is also true, for 
both 1 and 3 may be removed together and replaced by a single 
diatomic atom, in which case, however, we should consider the 
type was changed to thal^ of Fig. 4 B : also, under the influence 
oi an electric current, there is good reason to suppose that the 
molecule takes the form A, the atoms i and 2 parsing to one pole, 
and atom 3 to the other pole. It is not necessary to go farther into 
the subjects of the types of molecular construction until the action 
of the electric current in electrolysis has to be considered; at 
present the main thing is to obtain a clear conception of molecules 
as the ultimate particles of matter in all its ordinary forms ; as the 
bricks, so to speak, with which the substances known to us are 
' constructed on regular systems of architecture, and to comprehend 
that they have a capacity of separating into at least two parts, 
which are held together by a mutual attraction. 

10. It will be seen that there are thus two classes of mole- 
cules. 

(i) Moleculei, tehich are also atome, being indivisible without 
chcinge, as water, and all salts and acids. These molecules are 
held together by high afBnities, varying in each case, and require 
oonsiderable force for their decomposition. 

(2) Moleculei formed of Ueo limilar atoms or radicals, held to- 
gether by their unsatisfied attractive foci, but by a feeble afBnity ; 
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8 ELECTRICITY. 

these are capable of divieion into two eimilar parts, and that t^ » 
email expoBditure of force. This is the state in which exiet, as 
free bodies, the elements, and those oompomid radicals, ench as 
cyanogen, which ha^e many of the properties of elements, though 
known to be compounds. 

11. We may conceive the molecule as representing on the 
infinitely small scale the solar system itseK, which is built ap 
of seTeral systems or parts, each complete in itself, yet all linked 
to each other and forming a balanced whole : thos Mercury and 
YenuB stand as single atoms, the earth, Jnpit^r, and Saturn, wiUt 
their moons, resemble the compound atoms or radicals composed 
of several distinct atoms so united as to play the part of a single 
atom in the mighty molecule, which again forms hnt an infinitesimal 
part of the complete nniTeree, held within it by forces acting 
across infinite space as cur molecules are united into visible 
substances by the forces of cohesion, &g. 

The various chemical facts and reactions are concisely expressed 
in symbols, which generally are the first letter of the name of the 
element in English or Latin : each such symbol stands for i alom 
of the element, multiplied when necessary by a, small fignre follow- 
ing it a little below the line : all reactions are expressed by first 
writing in symbols the construction of the substances set to act 
upon each other, divided by ~^, and then the substances prodnced, 
and the two should exactly represent the total atoms engaged. 

12. Notation, — There are many modes of expressing the same 
things in different fonnnlee according to the spe<^ theory of con- 
stitution adopted, or the particular view of the matter intended to 
be described ; and there are two distinct systems in use. 

(i) The Equivalent. — This system, used in all the old books, is 
based really on oxygen (which was called lOo), and the weight 
of hydrogen which combined with oxygen being called i, the 
equivalents of other substances were afterwards reckoned from this. 
Hence water is in this system called o = 9- 

(a) The Atomic. — This, which is called the "New Notation," is 
generally adopted in all modern chemical books. It is based on 
the fact that water contains two meaguree of hydrogen to one of 
oxygen, and this being conceived to show the atomic relations, 
water becomes HjO, and H being called i as to weight, it becomes 
necessary to call 0= i6, and in consequence most of the metals 
have their weights similarly doubled as compared with the equi- 
valent notation, while the number of atoms of those which are 
unchanged (the univalent elements) have to be doubled. The 
following example of the action of sulphuric acid upon nitrate of 
soda exhibit the two systems : 
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Equivalent. 

SilL AOd. Silt. Acid. 

Na HO, + H SO^ = Na SO, + H NO, 



[ 61 

THs means that the nitrate of aoda on beii^ mixed with Btilphnrio 
acid ie decotnpoBed into eulphate of soda and nitric acid. (See also 
example, § 152.) 

13. FoBOE OR Ehebgt. — This we know only ae manifested by 
matter, aor can we form any idea of it as a separate existence ; the 
teachings of modem science tend to bring all force under the simple 
definition of motion, excepting as yet a power or powers of attrac- 
tion which may be inherent in the natoTe of matter. As some of 
the most interesting characteristics of Force are commonly over- 
looked, and thus imperfect conceptionB produced, it is desirable to 
indicate the relations of energy to matter by means of a definite 
classification. Thus we may regard the forms of energy as : 

I. Forces connected with matter as such simply. The chief 
form of snch force is attraction, as grayitation, the degree of 
which depends simply on the absolute quantity or mass of matter, 
without reference to its nature ; as cohesion, on which the strength 
of materials depends, though this does vary with the nature of the 
matter, and is also related to the molecnlai forms ; and as adhesion 
in its many forms ; of the nature of these forces we know nothing 
as yet, but they are grouped under the term Attraction. 

II. Mechanical ene^y, or motion of matter as snch, which, like 
gravitation, is connected with the absolute weight of matter in 
motion, and is measured by its power of overcoming the first class ; 
its common unit in England is the foot pound ; that quantity of 
force required to raise one pound weight one foot against the 
attraction of gravity. 

III. Force related to the atom of matter. Heat does not act on 
matter by weight or by bulk, but atom by atom. This discovery 
has played a very important part in chemistry of late. Each 
element has its own atomic weight, and hydrogen, being the 
lightest, is token as imity ; thus the atom of iron weighs as mnoh 
as 56 atoms of hydrogen, copper 63-5, silver 108, gold 197, If 
these relative weights of the several substances are exposed to 
heat, and all raised to the some temperature, and are then each 
transferred to an apparatus capable of measuring the heat they have 
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absorbed, it will be found that, different as are tbe qoantities of 
matter in eacb case, they hare all absorbed ezoctlf the same 
qoantity of heat. Of course the experiment is so delicate and diflj- 
oiilt that perfectly exact results cannot be obtained, and as different 
mechanical work is done in each case by difference of expansion, 
certain corrections have to be made ; but the deduction is absolutely 
certain, that beat acts npon matter, not according to its weight, 
but according to the nnmber of atoms it contains. 

This is readily comprehensible on the theory that heat is simply 
a vibratory motion, for it is evident that the atoms of the snbetance 
vibrate over a wider space, as they are more highly heated, and so 
transmit this amount of vibration. 

The relation of compound substances to heat is not so simple as 
that of elements, thoogh still a distinct law is traceable throngh- 
oat ; each molecular form has its own relation to heat, vhidi is 
due to the nnmber of atoms it contains, and their state of com- 
bination. 

IV. Force related to the mdeeitU of matter : such are the forces of 
eleotricity and magnetism nhich depend on the motion and polarity 
of the molecules. Heat also is related to the molecole in connection 
with internal work, such as expansion and resistaiice to pressnre, 
and also as to the ktent heat of fluidity ; that is to say, mere is a 
motion of the molecole as a whtde, as well as a motion of the atoms 
within the mcdeonle. Hence we learn that in the gaseous state, 
onder the same conditions of force, all molecules, whether simple 
or complex, occupy the same space, so that heat and pressnre 
produce the same amount of expansion or oontraction npon all, 
proving that the force is acting npon the molecule as a whole, not 
npon its component atoms ; and it is the same with the latent beat 
of fluidity, because the passage &om the solid to the fluid or gaseons 
states is dependent npon the increased distance of the molecnles, 
which neutralizes the attraction they exert on each other by 
causing them to move throng wider spaces. 

V. Force related to matter in the form of ether. This inclndea 
light, and any forces known or not as yet generally known (for there 
are such), which are transmitted to us from the sun. 

This classification appears very suggestive, as throwing light on 
many obscnre subjects, eepeoially when combined with the now 
recognized &ot that all the forces are capable of transformation 
into each other ; it enables ns to conceive that if the undolations 
of the ether produce the ofieot which we coll light, those same ' 
andulations, when transferred to the material atoms floating, as it 
were, in the ether, produce tbe effect we call heat ; and thos we may 
apprehend the reason why heat and light ore so constantly co- 
existent, and also see why it is that while the son transmits ns snob 
n,o,i7PcihyGt.)tJ^le 
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a consfatit supply of heat ae well as light, yet to all appearance the 
epaoe between the snn and ns is actoally devoid of heat. (Bee § 104-) 

14. The phenomena classed under the name of electricity are 
among the most striMng presented by Natnre and science, and theit 
study is one of the moat faaeinating npon which the mind can 
' engage. Yet, although the natural exhibitions of eleotricity in 
thunderstorms mnst have &om the first arrested the attention of 
mankind, and although many scattered facts bearing npon the 
snbjeot were known from very early times, still the science itself is 
entirely modem, and has only very recently assumed its true place 
in the field of knowledge. 

The mysterions nattire of the fotoe inevitably led to a great deal 
of Tt^e hypothesis in the early days of its stndy, and explanations 
were mvented to satisfy the natural craving after t^e " Why," before 
knowledge had snfQciently advanced to enable a sound theory to be 
formed. So also minds of wide scope saw that, although electricity 
was r^prded as a " fluid " or specird entity, yet it was in some way 
closely connected with all the other natural forces ; and &om the 
evident relation between its phenomena and those of heat and 
magnetism on the side of matter, and its equally evident connection 
with nervons force on the side of vitality and mental action, there 
was a strong temptation to regard electricity as the foudamental 
force of Nature — the direct lint between the Creator and his 
works. 

Only recently, and as a consequence of the complete conversion 
of the scientific world to the opinion that heat is a "mode of 
motion," has electricity begun to take what is evidently its true 
place, as one of the phases of force or forms of motion, and yet only 
by thus r^arding it can we possibly obtain a clear conception of 
Nature and a perfectly satisfaotory explanation of Nature's pheno- 

But while scientific men are fitst coming to this view of 
electricity, and it is very commonly employed, more particularly in 
connection with dynamic electricity or galvanism, still the new 
theory is rarely fully set forth and anhstitutod for the old finid 
theories, and therefore it is very difficult for students to obtain that 
clear view of the subject which is d^irable, especially as all the 
terms of the science were devised in cramection with the old 
theories, and are exceedingly ill-fitted to convey the new one 
without producing mnch confusion of ideas. 

This work in its original form was intended to meet this require- 
ment, and the phm adopted has been to commence with a few 
leading &ctB and principles, then describe the various forms of 
instraments necessary to examine the actions of the force, and by 
their aid trace out the general laws and fundamental principles o£ 
no,-7«jhyGt.)tJ^le 



12 ELECTRICITY. 

the science, after which the applications of the force of which the 
natnre has been thns examined will hecome far more intelligible 
than b^ piling tip isolated facte, or describing mere procrases, 
however practically valuable. 

To do thie in a perfectly methodical manner is always more 
difficult in a natural saience than in mathematical stadies, because 
it is impossible to underetand the most elementary foots without a 
considerable acquaintance with the subject ; and, on the other 
hand, to lay a wide foundation in elementary facta before dealing 
with their tiieory would not fulfil the purpose of both leading the 
beginner in the best course and showing the more advanced how to 
adopt the new' intorprctAtions and to &ee themselves &om the 
mental confuBion produced by the old theories, while at the same 
time fnmiBhing the practical man with the interpretation of the 
processes he employs. 
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i;. It IB now generally admitted that meolianical motion is 
convertible into heat, and the effect of friction is a familiar illns- 
tration of this. For instance, if we turn a grindstone, it requires 
a certain force to start it, and then a certain amotmt to keep it in 
motion, to overcome the friction of its bearings and the air, and 
then so mnoh more as is needed to overcome the resistance of any 
object we press Etgainst it, this body being heated in proportion to 
that preBsm^. u we get the stone into rapid motion, and then 
cease to work at it, it mil ran a certain time before stopping ; bnt 
if we hold against it a piece of steel, it will come to rest in mnch 
less time, because its motion is absorbed by the friction ; and if the 
stone is dry, we see a shower of sparks fly off, visibly exhibiting the 
transformation of this motion into heat. 

Bat if wc cover the edge of onr grindstone with certain sub- 
stances, guttapercha for instance, and establish certain other con- 
ditions, we can obtain a very different result ; instead of heat we have 
electricity developed, "Wlien we ask, whence does this electricity 
come ? the modern doctrines I am now setting forth teach ds that 
it is, like heat, the mechanical motion converted into molocnlar 
motion ; that which of these forces we shall obtain depends entirely 
npon the conditions to whioh we expose the molecules ; and further, 
that as soon as we allow the electricity to act, it either passes into 
heat, as we see by the spark, or else does some work which 
represents the heat. 

1 6. This development of electricity hy friction was observed in 
early days, and we derive the name itself from electron, the Greek 
name for amber, the substance by which the phenomenon of 
attraction after friction was first manifested. In later times it was 
found that many substances possess this property, and snch were 
called " oloctrice," and those bodies which do not appear to possess 
it, " non-electrics." The distinction is more apparent than real ; 
for under certain conditions, both classes develop electricity nnder 
friction, the true cause of the difference being the different power 
of substances to conduct electricity, on which property is based 
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flDotfaer claBsification i&to condnctors and non-condnctora ; but here 
&gaia incToaeod knowledge has shown that no snck broad definition 
can be enstoiaed, the distinction being one of degree only, not of 
essential property. All subatancea are electrics, and all condnetors, 
though some condnct only veiy elightly. Faraday, finding that 
condnction waa effected by " induction " of polarity from molecule 
to molecule, introdnced the term dielectric, to convey this con- 
ception, and the term ie commonly used now in the senBe of a body 
which transmits electric induction, but chiefly aa limited to those 
which do BO slowly, or those which stand highest in the list of 
electrics. With this understanding of the meaning of the terms, 
as relative and not absolute, the ckssification has mnch practical 
value, and the following is a list of ordinary substances, in which, 
as we descend, each one is a worse electrio and better conductor than 
its predecessor. 



Electrics, Dielectrics, oi 

Ebonite. 
Shellac. 
Pttcaflia. 
Gattapercha, 

Reeins.' 
Sulphur. 



Kon-EleclTlci, ar CondnFUn. 

Oils in the order of their specific 

Metallic oxides. 

Smok; flatoes. 

Vaponrs of alcohol and ether. 

Rareited air. 



Dilute acids, 
paper. Powdered carbon. 

Dry leather. 

Baked irood. Plumbago or graphite 

Porcelain. Well-burnt charco. ' 

Dry ice, below ij° F. The coetals ii 

Crystals contain in 

crystallisation. 
Dry earths. 

17. We may now pass to experiments, from which alone 
knowledge is to be obtained. This is the only royal road, for 
more reading will never give a knowledge of science. For this 
reason I shall indicate such simple forms of instmmeiits as anyone 
can obtain or make for themselves, bnt which will, if carefully 
studied, go far to demonstrate principles. The first things needed 
are a source of electricity, an indicator of its presence, and then the 
means of oolleoting it and examining its actions. 

18. If we take a stick of sealing- was, or a rod of glass, in one 
hand, and rub it with a piece of dry cloth or fur, we have the 
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fonditmeiital experiment from which electrical science grew, for we 
find that we have deTeloped a force upon, or indnced a condition 
in, the tod which enables it to attract and repel light substances ; 
and the same effect maj be produced by rubbing a vnlcanite comb 
on the sleere of a coat. 

If we examine the conditions of this experiment by the light of 
advanced knowledgo, we find they consist in the presence of (l) a 
dielectric in contact with (2) the oondnoting body of the operator ; 
(3) another electric in similar contact ; {4) mechanical motion, or 
friction of the two electrics ; and (5) separation of them when the 
friction is ended. These coaditionB include every instrument 
devised for developing electricity by friction, and they may be 
applied in the simplest form. 

19. Thb Elbctrophortts.— This is the simplest source of elec- 
tricity next to the mere rod ; it has many forms, but its principles 
are the same as that of the rubbed rod. A common form is shown 
in Fig. 6. a is a circular tin dish into which is nm h, which may 
be sulphur or any resinous 

substance. A cheap electric [•„;_ g_ 

may be made with 8 parte of 
resin, i of shellac, and i of 
Venice tnrpentine or wax, 
well melted together and 
run into the dish a; e is a 
hook soldered to the tin dish, 
for convenience of attaching 
a chain as a conductor. The 
dish forma the conductor 
from the dielectrio to the 
earth, as all electrical books 
tell as, an error which will 
come up for examination by 

and by ; but whether to the earth or not, at all arents through its 
supports, such as tables, Ac, to the body of the operator, who rubs 
the face of the disc with a piece of flannel or fur, or a silk pad 
covered with electric amalgam, A means of collecting the elec- 
tricity frvm the surface is now required, and this is C, the cover, 
consisting of a piece of sheet metal, or smooth wood covered with 
tinfoil, and having a handle d of glass or well-baked and varnished 
wood, 

20. It ie desirable here to remark that glass, though one of the 
best non-conductors, has the property of condensing a film of 
moisture on its surface, and thus becoming a conductor. There- 
fore, those parts of electrical instruments which are made of glass, 
should, where possible, be covered with a varnish which has less 
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attraction for moisttire. This applies to the handle of the electro- 
phoTUB cover, the legs of insnhiting apparatus, and the faces of 
electrical machinee, in those parts which have not to be rubbed. 
The vamiBh shoald be moderately thin, bo as to require several 
coats, rather than one of a thick varnish. I have found the best is 
mode by dissolving i lb. of sheUac in one pint of the strongeat 
methylated spirit (polisher'B finish will do), and then adding to it, 
say, one-twentieth of its bulk of a solution of indiarubber, just 
thin enongh to ran freely; a solution in bisulphide of carbon 
answers. ThiB, when it dries, forms a tough coherent Burface, 
and adheres strongly if the glass be warmed before applying it : it 
is also a good cement for joining glass. 

Also in all electrical experiments, it is desirable to slightly 
warm the apparatus, and to work in a room, the air of which is 
dry agd moderately warm ; when the air is moiBt, snccese is 
scarcely to be attained. 

21. The Eleotboscofb is an iuBtmment for evidencing the 
presence of electricity. Fig. 7 is the simplest form, being a glass 
rod mounted on a Btand, and bent at the top into a hook, &om 
which hang, by silk thread or hair, one or two pith balls. Fig.' 8 
is a more elaborate contrivance ; it is a glass bottle ; on opposite 
sides of the inner snr&ce are pasted strips of tinfoil, which are 
continued to the ontside and to a br^s ring fitted with a hook, to 



which diains may be attached. Through the cork passes a small 
tube, closed at the bottom, to which are fixed two strips of gold 
leaf. The bottle should be well dried and warmed, and tho cork 
cemented in and coated with shellac varnish ; when the loose 
fittings e or 3 (Fig. 9) are inserted it is a simple gold leaf elec- 
troscope ; / is a metal plato covered with a coating of sh^lac on 
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its upper face, and when Hiie is fitted to the inatmment and 
an exactly eiinilar plate with an insulating handle placed upon 
it, we hare a condensing electroscope. The lower ^te is con- 
nected to the source and the top of the upper plate touched with 
a conductor to "earth" ; on removal of tiiis conductor and then 
the upper plate, a fiur greater divergence of the leaves is pro- 
duced than if the source had heen connected to them directly, 
as will be readily understood by the eiplanationB given in con- 
nection with Fig. 26, §§ 59, 59. Connected as deacribed, the 
leaves exhibit the same elecbicity as the soorce ; the effect will 
equally be produced if the process is reversed and the npper 
plate connected to the source, but then the leaves exhibit the 
opposite condition. 

It toay also be desirable here to mention how the nature of the 
charge is to be ascertained, as the electroscope dive^es alike with 
positive and negative. They are instantly distinguished by rub- 
bing a piece of ebonite, and approaching it to the instrument ; 
if this is charged with -f., the leaves will approach each other; if 
with — the dive^enoe will increase ; both effects are temporary, 
and cease when the ebonite is withdrawn; with excited glass the 
action would be reversed. A similar process is useful in testing 
feeble charges; if the electroscope is charged slightly with + 
electricity, when approached by a -|- charged body the leaves wilt 
increase in divergence; on approaching a — body they will col- 

These instruments only indicate the presence of electricity ; to 
measure it electrometers are employed as described g 73. 

32. One of our standard electrical works says {tutd it is jnst 
what all say), " Yifreout substances, such as glass, become eleotncal 
by being rubbed with certain other substances ; in this state they 
attract light bodies. Beiinoua substances, such as sealing-wax and 
guttapercha, become E^so^'electrical when rubbed with certain other 
substances ; in this state thei/ also attract light substances. Bodies 
which have been ouoo attracted by excited glass or excited resin 
will not be attracted by the same substance again until they have 
touched some body in communication with the earth, but will be 
repelled. A body which, having been attracted by an excited 
titreous substance and is then repelled by it, is aOraeled by an 
excited retinous substance ; so also a body which is repelled by on 
excited reaiwtta substance is attracted by an excited titreaut sab- 
stance." 

2^. These statements are received as absolute truth by elec- 
tricians, and upon them the fluid theories of electricity are based ; 
■nd yet there is scarcely a truth in them which is not overweighted 
by an error, and the simplest fitote even are erroneously stated. 
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Let DB Bee, liy the old of tbe simplest experiments, which emry- 
one ought to perform for himself. One Titreons snbetanoe may 
be a'jneoe of stoat glass tnbe. (N.6. — ^It most be kept warm 
to get any good effect.) For onr reBinouB sabstance we take a 
piece of ebonite, the very best and strongest electric ; the back of 
a comb will do, or a slip cnt out of a uiok sheet. A silk hand- 
kerchief is the readiest exciter, or a piece of flannel will do verj 
well. 

Fio, 10. 



^ 



Fig. lo iUoBtrates a, form of electroscope devised expressly for 
these experiments, which gives effects not readily noticed in other 
forms. It is simply e, braes rod a, ending in a tnbe throngh which 
slides a wire b, one end finished with a Inmp of guttapercha or 
glaee bead, and tlie other with a hook, for the pith ball or balls; 
a stand fitted with a glasa stem and a short socket, in which a can 
be inserted, and also available for other pniposee, completes the 
instnnnent. 

34. Let a pith ball be suspended by a very fine and dry hair 
or silk fibre, and the excited electric be presented ; the ball 
will be first strongly attracted, and then steadily repelled; bat 
if an excited electric of the opposite order be presented it will 
attract the ball, and then, if capable of reversing its charge, will 

Hence it is stated, as a fundamental law, that bodies similarly 
electrified repel each other, tehick is not true, so stated. Moisten 
the snspending fibre slightly, or substitute a ball suspended by a 
very fine wire, and no remdaUm will occur ; the ball may be led up 
above the stand, and the electric raised slightly till a point is 
reached, at which the ball will float as it were in the air, the 
attaciiing fitve hangiiig loose, apparently having nothing to do 
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with the ball, which thus acta the part faboloosly attributed to 
Mahomet's coffin. Why does repaision occur in the one case and 
not in the other ? If the oicited electric be held over a table on 
which are laid some loose pith balls or pieces of paper, &c,, these 
will fly np to it, and back to the table, rapidly repeating tbia 
process till the electric excitement is considerably reduced, or till 
the electric is taken farther away ; then the Ught bodies will 
firmly adliere to its surface. If the supposed repulsion really 
existed, it ia obvious that these bodies, which are of course simi- 
larly electrified by contact with the electric, covid nol be held 
firmly to it. If the electric when excited be placed apart from all 
surronnding bodies, in a daety atmosphere and in a beam of light, 
it will be seen to attract the floating particles and hold them 
witlioat at all repelling them after contact. In fact, the repulsion 
is only apparent, the real cause of the motion is to be found in the 
attraction exerted by the sorrounding bodies. 

If two balls are suspended side by .side and touching, by dry 
hairs, they act like the single one, first touching and then flying 
&om the electric; on removing this, they fall together, bat will not 
quite tonch ; they apparently exert a mutually ropTdsivo action, 
which increases on the approach of the electric, and also if on each 
side an unexcited body ia approached. If, while the balls are 
eeparatod by this apparent repulsion, an excited electric of the 
opposite order is brought near, thoy will fall together : the hand 
which holds the charging electric itself, or a finger of the other 
hand, will also act as an electric of the opposite order. 

These experiments may be varied in almost endless forms, and 
the actions ni5t«d with various suspending fibres, and with the 
stand of the electroscope insulated or connected to oarth : from 
them, and others to be considered later, are derived the various 
theories of the nature of electricity. 

35. The Two-Fluid Thkobt. — When it was found that the 
electric excitement prodnoed by glass was opposite in its nature 
to that existing in amber and resins, the earlier oxporimenters were 
led to imagine that there were two "fluids" pervading matter; 
that each of these fluids exerted a strongly repulsive action on its 
own parts, or bodies separately charged with itself, but that each 
fluid had a stroi^ attraction for the other, and both a strong attrac- 
tion for ordinary matter ; that in the ordinary oondition of matter 
the two fluids were united in equal proportions, being thus neutral- 
ized and adherent to matter. Some have supposed that the two 
fluids when thus united constituted another hypothetical fluid, 
caloric, or heat. 

It was eappoEcd that by friction of some substances, thence 
called electrics, these two fluids were separated, the one remaining 

c 2 
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on the snrfiue of the electric, the other on the mhber, and that 
from these either oonld be transferred to inanlated bodies, that is, 
to subatances which famished no pathway along' which the dis- 
nnited fluids could find a way to the re-onion intensely sought by 
both. Hence, when a charged body of an excited electric is pr&< 
sented to a light movable body, the latter is drawn towants it by 
the attractioa of the fluid for matter; as soon as the charge is 
equally divided, the Belf-repnlsiva property of the fluid canses the 
two bodies to be repelled, and then if a body similarly charged 
with the other fluid is within reach, attraction occnra, the flmds 
re-nnite, with a apark if the quantity and tension are great, and 
resume their usual neutral state. Bnt if there is no suoh oppositely 
charged body accessible, any body in conducting conneotion witii 
the earth will enable the charge to dissipate itself, as some say, 
because the earth is a comparatively infinite reservoir of boUi 
fluids, but more simply and more in accordance with the theory 
itself, because it preaenta an unlimited aurfaoe and body of matter ; 
and the fluid distributing itself over all surjaees and matter to 
which it has a condncting path, the charge, which is great npon 
the small soriaoe of the electrified body, becomes nothing when it 
has the whole earth to spread itself over. This hypothesis was 
built upon the phenomena of frictional electricity, and of these it 
furnishes a moderately satisfEictory explanation. 

26. The Omb-Flxtid Thbobt was devised by Franklin, as more 
simple than the other. He supposed that there was one eleotrio 
fluid pervading all matter, possessing a strcoig attraction for matter, 
but being strongly self-repnlsive : matter in its ordinary state has 
in connection with it so much fluid as satisfies the bmtnal attrac- 
tions, but when certain bodies (electrics) ore rubbed, some absorb 
part of the electricity from the rubber, and thus become potitietiy 
charged with this overplus ; others port with their proper electricity 
to tOie rubber, and thus remain themselTes negaliveli/ charged. Ab 
widi the other theory, the earth is supposed to receive the eleotricify 
driven off, or to supply any quantity of it when needed. This 
theory also explains the ordinary phenomena of static electricity, 
and on it Berzeliua built his electro-chemical theory, which ruled 
chemical science for many years, treating the relative affinities of 
different substances as due to the relative proportions of electricity 
belonging to them. 

37. AJl the terms of electrical science have grows up from 
these theories, and hence we have 

Vitreous. ( \ Bebinoits. 
Positive < and \ Negative 

Electricity. 
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Also the words charge, qnuitity, conduction, accumulation, and 
distribution, which imply the passage of something having a real 
separate existence ; these and similar terms we are obliged Btill 
to use, but I will define the meanings they are to convey in this 
work. The lost terms uid their signs will be those used, as they 
are generally known, but they will not be used as conveying the 
idea of an excess or deficiency of a finid, bnt simply as expressing 
opposite polarities of matter. 

26. Thh Molbou^ab Thbobt was founded by Faraday in his 
memorable experiments on induction, but it has since grown with 
the growth of the other sciences ; it is a necessary sequence to the 
now established doctrine of beat being motion, and is intimately 
connected with the more modem and rapidly advancing doctrines 
of chemistry. Simply stated it is, tliat electricity has no existence, 
bnt the phenomena we call electrical are dno to properties and 
motions of the molecales of matter, to comprehend which we must 
now return to the consideration of the molecules themselTos and 
their mode al arrangement into the usual forms and eabstaaces 
known to ub. Of late there has been a tendency to attribnte the 
actions of electricity to motions of the supposed ether (see § 5), 
which is considered to be in some way condensed upon the material 
molecules : this idea is naturally moat favoured by mathematidans ; 
it is unnecessary to consider it, and to all bnt trained mathematical 
minds it is nearly incomprehensible, and appears only a modifica- 
tion of the old oue-fluid theory : if the eUier is so condensed, it 
becomes a part of the material molecule and the cause of its actions, 
and therefore all that is really known can be studied by considering 
the molecule as possessing certain properties now to be studied, 
leaving in Guspenae, as beyond our present knowledge, the cause 
of those properties. 

29. Onr former consideration of themolecule (S§ 6, 9) related to 
its chemical constitution. We have now to examine its physical 
character — internal, as regards the manner of its existence and 
breaking up, and external, as to its attractions for and relations to 
other molecules ; and we have to consider it as a body composed of 
two distinct parts Linked together, bnt acting also as a whole &om a 
common centre. Tyndall's words, when describing the actions of 
light, heat, and pressure on gases, convey the idea very folly: 
" Molecules do separate from each other when the external pressure 
is lessened or removed, but the atoms do not. The reason of this 
stability is that two forces — the one attractive and the other repulsive 
— are in operation between every two atoms, and the position of 
every atom — its distance &om its fellow — is determined by the equi- 
libration of these forces." "The point at which attraction and 
lepnlaion are equal to each other is the atom's jwstfton of eguiUbrium. 
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If not ftbaolutely oold — and there is no euch tlung ob absolnte 
coldness in onr comer of nature — tlie atoms are always in a state 
of vibration, their vibrationB being executed aoroes their positions 
of equilibrium." 

This means tliat the internal attractions of matter draw the atoms 
together ; the forces of heat, &c., as motion, tend to separate them ; 
and (the molecule being constituted by the balance of these forces) 
additional force tends to separate tJie atoms, and break up the 
molecule. We may now simplify our conception by Fig. i lo, in 
which we represent the two halres of the 
Fig. 11. molecule as vibrating, under the influence of 

^L the undulations of heat, on a central point 

*(» 5ffe and vertical lino. 

^Y Now suppose a force eierted which either 

'—^ ^—^ —^ intensifies those oscillationB, as, for instance, 
cC9 0,0 C.,9 heat, or which sets up a revolution of the 
entire molecule on the same centre and line, 
£(J ^^1^1^ ^ the effect would be to alter the molecule to 
j Fig. I ib, in which it is obvious the internal 

attractions are weakened. If we now con- 
ceive a line of such molecules, Fig. iic, we see that there must 
come a time when the atomic attractions will be greatly weakened 
internally and partly exerted on the corresponding or complemen- 
tary parts of neighbouring molecules. In this state the substance 
may be said to be polarized. The degree of this tendency would 
be called its tension, being the strain upon the attractive forces ; as 
this increases there comes a period when the molecules break up 
and re-form, as shown in Fig. iid. This will be a discharge. The 
extreme atoms here may be considered either as forming {Arts of a 
continued chain, or as set free. 

Faraday's theory of induction by polarization of adjacent mole- 
cules, though the origin of this conception, is very different from 
it ; he was treating of the actions of a body charged with one kind 
of electricity, and the mode in which it produced electrical actions 
on surrounding bodies, but later discoveries have developed that 
theory of the effect of electricity in the form of charge, into a 
theory of the source or cause of electricity itself : this theory, which 
is the one adopted in this work, may be thus defined. 

Electrical action is developed only when a complete chain of polarized 
molecules can be formed. When that chain is wholly composed of 
conducting molecules, dynamic electricity is manifested ; when the 
chain is partly composed of non-conducting moleonles, we have 
static electricity. The distinction between the two is the presence 
or absence of the conditions of discharge. (See also § 32.) 

30. We are now ready to examine the conditions under which, 
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and the reftsong why. Motion develops electricity ; and first, one 
glance at the titter improbability of the "fluid" esplanation of 
this. The fluids have a strong attraction for each other and for 
inatter, yet the rubbing of two substances together is sufficient to 
separate the fluids &om each other, and the matter with which they 
are in quiet union. They have a strong repnlsion for themselTes, 
yet, in addition to overcoming these attractions, we collect these 
self-repulsive fluids into separate reservoirs. At the instant of 
doing so these reBervoirs are in actual contact, yet the fluids do not 
reunite there, thongb they will do so with great violence when 
again brought into somewhat near neighbourhood, and travel any 
distance to get the opportunity. 

Looked at thus, it is obvious that such a theory oonid only have 
been formed in the determination to make some Hnd of explanation 
of striking phenomena newly discovered, and that it has held its 
ground simply team habit and the gradual training of everyone's 
mind -to study the phenomena only by means of it. 

Whenever two solids or a solid and a liquid are rubbed together, 
electricity is developed ; gases do not appear to produce this effect, 
but we need attend now only to the special phenomena of ordinary 
electrical excitement. We have hitherto treated glass as becoming 
positive by friction, developing vitreous electricity, but this is not 
an absolute fact ; if, instead of a piece of silk for a rubber, we use a 
piece of cat's-skin, the gloss becomes negative. The exact relation 
between various substances is stated variously by different experi- 
menters: the following list (given in Ganot's 'Physics,' and prolwbly 
the most correct) shows the bodies which when rubbed together 
develop positive electricity in the first and negative in the one 
which IS lower in the list : 



Cafa.akin. 


The hand. 


Shellac. 


Glass. 


Wood. 


Caoatchouc 


IT017. 


Sulphur. 


Re:jia. 


Silt 


FlaDDel. 


Guttaperclia 


Bock ciyBtal. 


Cotton. 


Metais. 



We may certainly dednce Irom this list, that the nature of the 
substances in friction has a great deal to do with the result, and 
probably the most complete esaminatiou into this point was made 
by Coulomb, whose conclusions were, that those bodies whose parts 
are least disturbed by the friction tend to become positive, par- 
ticularly if compressed; those which are most disturbed become 
negative, especially if dilated. 

31, This implies simply that moleoulax disturbance is the canse 
of the electricity ; and the deduction is very plain, that when two 
dissimilar suhstonces are rubbed together, a certain amount of 
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21 ELECTRicrrr. 

adbeaion is prodaced, and adhesion is attraotion. of a nature dosely 
reBfflubliug cohesion; it is simply an external attraction, aa co- 
hesion is an internal one. This attraction, therefore, i» to Bome 
extent oppoeed to the natural state of the bodies ; it tends to draw 
the anperfidal molecules away from their neigbbonrs ; the oppoaing 
or complementary halves of these tend to unite, and therefore the 
intamal attraction of the molecules themselves is weakened — they 
are pblarized ; Fig. 12 conveys an idea of this effect. The auper- 
_ .„ ficial molecnles react on their neigh- 

bouTB ; and a complete chain of excited 
^. y^-~~' polarized molecules is formed, along 

^ffff^ff ", which is transferred the motloii ar- 
\ / } y) ^ /J — ^ rested by the friction, or rather the 

g^ ffF (f^ #; ^.* mechanim energy which bat for the 
* friction would luve generated motion. 

It does so in any case ; but if there be no resistance it efEecta that 
which we see and familiarly call motion ; if there is resistance, we 
have the motion among the molecules, which is electricity, and 
this again exhausts itself by transmission to neighbouring matter 
in the vibrations of heat. If the two superficial rows of mole- 
cnles are readily susceptible of mutual decomposition, immediate 
disobaige occurs, if that is rendered possible by the whole chain 
of moleonles being conductors, and then no . statio effects are 
produced. 

Here we have a simple theory which unites Static and Dynamic 
electricity, and explains alilra the excitement by friction, contact, 
chemical action, and heat. All are due to calling into action the 
latent attraction between what for convenience we may call the + 
and — atoms of dt^erenf 'molecule thus weakening the + and — 
attractions mthin the molecnles, by means of some force, motion, or 
heat. This theory also includes in one the two long-conteeted 
theories of dynamic electricity, the Contact and the Chemical, as is 
explained § 259. 

Now, returning to Fig. I3, let the line of dots c represent the 
moleonlar chain, which is shown variously formed to convey the 
idea of the different substances which may compose it. If we 
separate the two surfaces, the intorvening air is polarized, and 
keeps the chain complete. Beadors will now see tiie explanation 
of Uie experiments § 24, When we rub the electric the chain is 
formed through the body. On separation it completes itself 
through the air, showing the one hand holding the electrio + , the 
other hand — , or the reverse. On presenting the electric, the 
ball, coming within the circles of polarized molecules, is itself 
polarized and attracted. It then sets up its own circle of polarity 
thiongb its suspending fibre, supporting rod, down the stem, and 
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STATIC OE PRICTIONAL ELECTRICITT. 25 

across tlie air, and hence all the resnltiag phenoniena of attraction 
and lepnlfiion ; for thiB reason also the resnlts are so different 
when tiie Bnspending fibre is noa-conductmg or conducting, inas- 
much as on that depends the load thiou^ which the ^oit to 
dieoharge mnst bo mode. 

32. The foregoing lemarks show the new meanings which, in ao^ 
oordanoe with this theory, must be given to the old terms of tension 
and discharge. Polarization already bears this meaning, thoogh 
it has also been applied to some other phenomena. Bat thongh 
" discharge " is dMcribed as the breaking np and re-fonnatioa 
of moleonles, it is most probable thai it includes another pro- 
cess. This is the simplest to conceive, and is certainly that which 
oconrs whenever chemical action takes place, and probably, there- 
fore, in all passages of electricity through liquids, as explained 
§ 380, oneleotrolysis. But it is possible that the molecules transmit 
the motion without being themselves broken up. We do not 
understand yet what cohetioTi is, bat it is certainly an attraction 
between the molecnles, acting ftom their centres, in a manner 
analogous to the action of the atoms on each other ; hence wo may 
readily perceive the probability of another kind of polarization, 
consisting of a tendency to form groups of molecnles, and to effect 
discharge through the extra molecular forces of cohesion, instead 
of through the atomic or chemical attractions vnthin the molecules. 
This subject has not as yet been examined, and indeed the task is 
a very difficult one, though it will well repay those who have the 
power to examine it, for here may possibly ha found the explanation 
of the differences of action of electricity on different bodies, and 
their relative conductivity, as depending upon the forces cither of 
atomic attraction or molecular cohesion, and the energy required 
to overcome either of these according to oircnmstanccs. The same 
explanations and the same diagrams will however equally convey 
the idea, whether we consider that Figs, ii and 13 represent the 
single molecnles breaking np, or groups of molecules doing so, 
because the figures are not pictnrra of the things themselves, but 
merely an endeavour to realize ideas as to their actions. 

33. The fundamental laws which experiment has thus &r 
developed are : 

(i) Electrified »ub»lancet aUraei nevirai »^ttance», and then under 
certain OMditions repei fhem. They do so by polarizing their con- 
stituent molecules, and th^n, if the electrified body be in a + con- 
dition, attracting tiie — side of the attracted substance. 

(2) Svhttaneeg dietimilarly ekctrijied aitrad each other. That is, 
bodies, the external molecules of which present, one their + ex- 
tremities, the other their — extremities to each other, are matnally 
attractive. 
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(3) StibgianeeB mmitarly ekctrified rt^l each other. That is, 
there is no attraction between the two molecnles presenting their 
-f- or — extremitiee to each other, and they apparently repel each 
other. (See § 40.) 

These are the ordinary electrical laws (for a scientific law means 
the statement of a natorHl fact), interpreted according to the mole- 
cular theory. The old theories assume that a body conld bo 
separately charged with + or — electricity. The facts which lead 
to this BnppoBition are explained by the moleonlar theory thns : 
The molecnlee being polarized and nuable to discharge, are for 
the time fiied with their + or — extremities outwards, and the 
phenomena called charge, which are nei:t to be considered, present 
themselves at those points of the polarized chain where a change of 
the natnre of the molecules forming the circnit ocoors, as at a 
snrfiice sorrounded by air. The molecnlee of that snr&ce appear 
to form the termination of a conductor, and are called poles, or 
charged bodieB, according to the drcmnstanoes. Really they are 
only points at which the action is manifested, becanse there it 
passes from one class of molecules into another class, and it is only 
manifested by furmghing it a new taoleailar path. They reeemble, 
in fact, the polra or electrodes in a chemical decomposition cell. 

So attraction does not take place directly between the electrified 
and attracted bodies ; the electric develops chains of excited 
molecules, among which the attracted body is sospended. Its 
molecules take part in the action, but bemg held together by 
cohesion, are obHged to move as a vt^ole in the effort to dischai^ ; 
its motions are thus representative of the invisible molecolar 
motions, and are also a restoration as mechanical motion, of the 
prunary motion, the arrest of whidt by Miction produced the elec- 
trical molecular tensions and force. 

34. The action of the electrophoms will exhibit many of the 
principles of electrical science, though we cannot obtain &om it 
any very striJang effects like those of powerful machines. A very 
convenient and simple form consists of a glass and ebonite disc 
(the glass merely for noting difFerencee of action), provided with a 
cover like Fig. 6, and a stand of wood, somewhat larger than the 
disc ; this may be made either of one piece, or preferably of two 
cemented together with resin melted with a little boiled oil ; the 
grains crossing prevent any tendency to warp. The wood shonld 
be thoronghly Imked, well covered with shellac vamisb, and sup- 
ported by three feet of ebonite rod or guttapercha to form an 
insulating stand. The upper face shonld be covered all over 
with tinfoil, connected to a small hook screwed into one side for 
attaching chains to. On the edge of the face should bo three studs 
or pieces of wood cemented so as to hold the disc in its place when 
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mbbed. These atanda serve also for many experimental purposes, 
and may be nsed as aa artificial "earth." To use the apparatus 
for examining the principles of the eleotrophoruB place the ebonite 
disc on the iosnlated stand, rub it well with a silk, handkerchief, 
and apply to its face a proof 'plane. This is simply a miniatnre 
cover, a piece of metal or wood covered with foil, and mounted on 
a glass handle; it is well to have a variety of these of various 
forms and sizes, providuig them all with a piece of tube or a wire 
at the bach, to slip on a glass handle or a stick of shellac. On 
touching the ebonite with this and presentii^ it to the pith ball 
electroscope it will be found that there is no action. Now this 
may arise &om two causes, and therefore the true principle must be 
explained. 

35- It is generally considered that when an iusnlated body 
toadies a charged one, the two become one as &r as the electricity 
is concerned ; that this distributes itself over both snr£»oes, and 
when these are separated, each is supposed to retain its propor- 
tionate share of the "fluid." The proof plane is so employed in 
many cases, but it acts differently on the electrophoms, a fact 
which throws great light upon the true but ill-understood nature of 
"Charge." The electrophorus ie apparently, to all intents, a 
chalked body, for its face, if resinous, is in a piwely negative or — 
state, yet if we apply the proof plane and remove it wo shall only 
discoyer a faint charge by very delicate instruments. To obtain 
electricity on the plane we must touch its upper face with a con- 
ducting body, in what is called " connection to earth " ; practically 
the operator s finger will serve, but for the sake of theory the con- 
nection should be a piece of wire attached to a chain, which drops 
on the floor, or is hung to a gas-pipe. This is also the way in 
which the electrophorus is used for any purpose ; it is excited by 
friction, the cover placed on its &ce, touched on the upper snr&ce 
with the finger, which is then removed; the cover when now 
raised is found to be charged, and sparks may be drawn &om it 
The instnunent, when excited, will retain its powers for a long 
time if the cover be placed on it ; in a dry air it may retain its 
cha^e for days or weeks, ready to give a spark without fresh excite 
ment. But only very moderate effects will be produced with the 
stand insulated. By dropping a chain from the hook to the floor, 
a much greater effect is observed, and still more if, while rubbing, 
this chain be held in the hand or connected to the rubber. We 
thus carry out the principles of § i8, and facilitate the forming of 
the polarized circuit, though we may entirely dispense with the 
" connection to earth " so strongly insisted upon in most electrical 
works. The cover or proof plane thus applied to an electrophoms 
is in the opposite electric state to that of the disc itself, or that it 
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would Msnme hj what is more propetl; called " Charge " 1^ Bimple 
ooatact. 

36. The eiplanatioii of these phenomena on the flnid theoi? is, 
that we oolleot free — electricity on the diec, and this attracta the 
+ of the cover towards it and repele the — ; if we aimply remove 
the cover these re-combine, and no free electricity remains npon 
the cover ; if wo touch the cover the — electricity on the upper part 
escapes, and thus when the cover is raised it remains charged with 
+. Thia explanation is delightfully simple, if we ignore the 
fimdamental absurdities of the fluid theory itself, already pointed 
out, as well as the special difSculties of the case, such as that when 
the — electricity has gone to earth, there is nothing to prevent the 
~ of the disc uniting with the + of the cover and dividing their 
nnited selves between the relative bodies, instead of ouder^ing 
forcible separation when the covet is lifted. Still, there is an 
apparent simplicity in the doctrine, which explains ite acceptance 
at a time whoa little or nothing was known of the molecular cotL- 
stitutioa of matter, and the atomic theory of chemistry had not yet 
been conceived. 

37. The moleonlar explanation now to be considered has the 
disadvantage of requiring some knowledge to understand it, and 
therefore will not commend itself to those who have not fully 
digested the ideas as to the constitution of matter presented iu 
§§ 2-13. The friction polarizes the surface molecules, and these 
their neighbours below iu one direction, and the rubber, and body 
of the operator, in the other ; afterwards the face of the disc and 
the stand establish circles of molecules polarized, hat tea very feeUe 
tension, because they are not limited in number, every molecule 
dividing its actions among those which come within its spheres of 
attractions. When the cover or plane is laid on the disc, its mole- 
cules form part of these chains, and are polarized, but when 
removed, they pass out of the lines of action, and therefore show 
no result, the molecules fallin g back into their ordinary condition ; 
but if touched with a conductor connected te the back of the disc, 
the whole action takes place in that conductor, and the conditions 
of discharge are present except in the substance of the disc itself; 
the breaking of this chain suddenly while in a state of tension 
prevents the molecules of the plane from returning to their normal 
condition when it is removed from the disc ; they still are under a 
strain which compels them either to remain locked, as it were, 
with their + or — ends all outwards and under the induction of 
the surrounding surfeces, all iu connection with the souroe of the 
escltement, or else to form new circles for themselves. Under 
either condition they must present the appearance of being inde- 
pendently charged and fresh sources of action ; and as their mole- 
cules would be BO arranged daring the first part of the process as 
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to tend to nmoQ with tboM of the disc, it is evident that in the 
subsequent stages their polarity, and hence their electrical reao- 
tions, wonld neceaearily be the opposite of thoae of the diso itself. 
j6. It shonld be noticed that an excited eleotropboros does not 
itself present the ordinary signs of excitement; a single stroke 
npon a piece of ebonite with silk or flannel will so excite it, that 
when presented to a well-insulated pith ball this will be attracted 
and then repelled with great Tiolence, but if the electrophoms diso 
be presented after sharp Miction, it has only a feeble attractive 
power ; owing to the wide circles throng which the polarity is 
transmitted, and the consequent low tension of all the molecules, 
together with the great resistance to discharge of the materiala of 
the electrophoros itself. 

Jg. In working for discovery it is requisite to experiment first 
then seek the interpretation, and this is a good mode of 
iuetmction also ; but, on the other hand, an experiment, and, still 
more, a description of one, is far more intelligently sti^ied when 
its object is nndeistood ; and for this reason, before proceeding to 
the details of the laws and experiments of charge, it may be well 
to first explain the general principles, although to understand them 
folly reqnires acquaintance wiUi the details whioh will follow. 
The oxpressious of moat electrical writers are snch as to justify 
the common notion that either positive or negative electrici^ is 
capable of separate existence, isollted from, and independent o^ its 
opposite. Yet all admit this general law, (4) One eUdrieity can never 
he pfodueed vnthtmt producing at the tame time an equal quantity of 
the other. Thus, in fiiction, if the electric be +, the rubber is — ; 
so also in A battery, one extremity is +> the other — ; and in a 
Leydea jar if. the inner coating is positive, the enter is negative. 
Al l theories inclade this law, because it is a simple fact ; but it is 
an inevitable consequence of the molecular theory, for the molecules 
necessarily have two opposite sides, and the reactions of these sides 
are the causes of the phenomena. Bat the fioid theories assume 
that, having produced separation of the two electricitiee, one of 
them may be dismissed into the earth as the common reservoir, or 
infinite conducting surface, leaving the other &ee and isolated. 
This assumption is attended with many difScnlties, all of which 
the molecular theory disposes of by doing away altogether with 
the supposed function of the earth, which really acts simply as 
any other conductor does in dynamic electricity, and has nothing 
at all to do with static electricity. 

When we work an electrical machine, we must lead a chain &om 
the rubber to the floor or gas-pipe, or else we can obtain only a 
very slight effect. Hence the idea that we make a connection with 
the mass or sorfaoe of the earth itself. But what we really do is 
to form a connection, by means of moderately good conductors, with 
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ike vkUU of ihe room. The effect is to produce a large snr&ce po- 
larized under feeble teuBion, and then the whole of the air in the 
room IB polarized and completes the electrical circle. The room 
becomeB, in fact, a large Loydea jar, of wbicb the dielectric air re- 
proBentB the glass. The charged bodies or prime conductor is the 
inner coating, and tlie walla of the room the outer coating. Thus, 
when another insulated body touches the first, it does not, as gene- 
rally sappoeed, take part of its &ee eleotricity. It simply enlarges 
the " inner coating," and, of courBe, in doing so proportionately 
lowers the tension of the polarization of the Bur&ces. Fig. i ^ re- 
presents this. + is the 
charged body, with all ita 
moleonloB presenting their 
-I- eitremitiea ontwards : 
a is the earth connection 
conveying the polarization 
tu the ^ralla of the room, 
which are tbos rendered — , 
and b b are the molecnlea of 
- air completing the chains. 
This explains why anyone 
at all near an electrical 
machine in action experi- 
ences a peculiar tingling 
sensation. His body is in 
the path of polarization, and 
as he is a better conductor 
than the air, a good part of 
the cirooit is concentrated in liis body. All the small superficial 
hairs rise and point on one side to the nearest wall or other bodies, 
and on the other with still greater intensity to the machine. This 
happens if he is inenlated, but if he is in some d^ree of electrical 
connection with the walls and floor, the nearer he stands to the 
machine the more he represents the outer coating. He is, in fact, 
electrified, not, as might be supposed, by the machine and with the 
electricity of the conductor, but with the opposite, because he com- 
pletes the polarizod chain, while, if insulated, he will be + on one 
side and — on the other. 

40. At this stage It is proper to r^nark that, without absolutely 
denying the existence of electrical repulsion, the experiments on 
which that doctrine is based are mostly illusory. Thus, with the 
common experiment, the head of hair, the hairs set as far as possi- 
ble &om eooh other tmly, and hence it is uniTeraally stated that 
they do so because, being all charged with the same electrtoit;, they 
repel each other ; but the fact is, they are simply moleoulax ohains 
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attracted by the walls of the room, and by tending to item they 
BBsnme the appearance of mntnal repulsion ; but if we bold onr 
hand towards tiie head, the hairs at once all tend to it. It is true 
they still retain cnrred forms, which appear to result from repnl- 
aion among themeelves, but really tboee curves are just the fignres 
which the laws of reeolntion of forces requite to result tram the 
separate attractions of the hand and the walls. So also with the 
pith boll ; it hangs perpendicnlar when charged, because it is at- 
tracted oil round nearly equally. If we approach to it the excited 
electric, or another body chained with the some electricity, it is 
repelled, at least, apparently. But, really, we nentralize all the 
attractions acting on it from one point, the new body absorbiiig 
them, while the others are in full action, or even intensified by the 
increased polarities, and of ueoessity the ball goes off in the direc- 
tion of the remaining attractions : so two balls repel each other by 
absorbing the attractions on one side. And so in other cases, the 
apparent repnlsion is duo to the weakening of resistanco to anoUier 
attraction ; the case is analogous to that of a counter-weighted body 
held down to the earth by a string ; if we cut the string np flies 
the body, but not, sorely, from any repulsion between it ai^ the 
earth. It ia the superior attraction c^ the earth for the counter 
weight which causes the apparent rise and repulsion, these being 
reaUy a descent and attraction. 

41. Indhotioh.— This term is so frequently employed in elec- 
tricity that it is necessary to define fully the idea it is intended to 
convey. Generally it may bo said, that any molecule when " polar- 
ized" induceg all others 

within its influences to ^''°- ^*- 

follow its example, that ^~>^^^^m^ 

is to say, employing the ^^ i ^ ^ 

true meaning of the word, ^f ^f?*», 

it dram them into the ^^ ^!^i, 

same systematic order: ff' 6 •?* » 

in like numner a magnet ^M _ ^ ©ft ®* 

induces magnetism in fe9 (9999 

neighbouring bodies sub- ^^ 9 9 I? 

oeptihle of becoming ^..^ 9(? 

magnetic, and an electric ^r^. <^ 

current induces a current ^^Cfcrk ' f^dV 

in neighbouring eon- ^^C9i9 

ductors. This power 

results from the constitution of the molecule, as defined § 2g, when 
tinder the influence of " polarizataon," whit^ directs a portion of 
its constituent energy externally. 

In Fig. 14 a is the primary molecule, &.e point of origin of the 
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polariziiig force actmg in both direotiona and on ea^h Bide, mducing 
itBneighbom to turn towardfi it that aide for wbioli it has the greater 
attractioD. Thns its + aide acta on the moleonlefl b and its — on 
moleoulee e, seeking on each side the most rapid and Bhorteat oonrae 
to complete its chain. The ooUectiou of molecnlBB d repreeenta the 
pMsage from a good coudactor into a dielectric, aa frotn. a chained 
Bur&ce into air, where the energy or tension is distribtited over a 
nnmber of chains. 

43. Eliotsioal Maohihbs. — Stado electrical maohinee may be 
divided into two distinct clasaes. 

(i) Frictional machinee, in which the eleotrio is oonstantlj 
excited bj &iotion and as constantly discharged into a reservoir of 
force ; this class includes the plate and cylinder machines. 

(2) Induction machines which operate on the principles of the 
electrophoms. The electric is excited by Miction at the commenoe- 
ment of operations, but is not itself discharged; there is no 
continued finodon, or only sufficient to sustain the charge, but sue- 
oesaive actums of inductive charge, and discharge into a reeervoiT 
are effected. 

The principles of the fictional machine are those laid down 
S 18. There is (i) The electric to be excited, the plate or cylin- 
der. (2) The exciter or rubber. (3) The mechanical motion 
generating friction. (4) The circuit of polarization, which here 
includes Uie " separation," becanse part of it must be non-condnct- 
ing. (5) The reservoir of force — the prime conductor, as it ia 
c^ed, but which is strictly a port of the circuit of polarizatioii, 
though most conveniently considered separately. 

I. The Electric. — This is usnally glass, in which case the charge 
from it is positive ; bat it may be any solid dielectric, and the 
first machines were globes of sulphur. Guttapercha may be used,, 
and has been employed in the form of a baud stretched between 
pulleys : electrical machines have been thus generated uninten- 
tionally in manufactories where guttapercha belting is employed, 
tmd some fires have been caused by sparks given off from such belts 
running over wooden pulleys. The best electric of aU is ebonite, 
bnt It has a serious economic objection, aa its surface roughens and 
deteriorates after continued Motion. It is snl^rject also to the for- 
mation of a film of snlphoric acid upon its surface, owing to tlie 
action of the ozone which is produced when the machine is worked, 
and which is the cause of tSe peculiar smell perceived : for this 
reason it is desirable to coat with shellac all e^Nwed ebonite sur- 
faces not to be exposed to friction. Glass is, however, the electric 
usually employed, because it is cheap and enduring ; it has, how- 
ever, the great drawback of condensing moisture on its surface ; as 
to which see S 20. 
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Tlie (LOiJity of the glass is of eome moment, the hardest, c(m- 
taining most silica, is best, hence crown glaee, such as window 
sheets ore made o^ or that &om which common pale green oolotued 
bottles are mEide, ie better than flinl^glasa or crjaUd. A cylinder 
machine may be made of a large bottle, if one is selected with 
straight sides and polished anr&ce ; the latter is important, as a 
loti^ snrface does not generate electricity weU, as only the salient 
points come in contact with the rubber. There is also a difference 
of electromotive power between smooth and rough glass ; if the 
two are robbed together and tested, the smooth is found to be posi- 
tire, and this agrees with Coulomb's deductions before mentioned, 
becaose the particles of the roi^ surfitoe must be most disturbed. 

II. The Exciter or EiAber. — This part of the instrument being 
treated as a very subordinate matter, is seldom made upon tme prin- 
d^eB. It should present as large a sur&oe as possible to the electric ; 
in a cylinder it should reach within an inc^ of the ends, and in a 
plate machine to a moderate distance &om the axis, so as ta utilize 
the Burfiice as much as possible ; it is best made of a tough but soft 
leather, well stuffed with the best horsehair to give a firm and 
even but elastic pressure on the surface ; it shoTiId be insulated 
carefully, bnt be itself conducting, and provided with the means 
of connection "to earth" or to apparatus. These principles can 
be carried out thus. The back of the pod should be metal, pro- 
vided with a stout wire for a connection, and a few fine wires may 
be mixed with the horsehair staffing ; the leather covering can be 
secured to the metal back, and then this back may be cemented to 
and buried in a piece of stout sheet guttapercha or ebonite, by 
which the pad can be secured to, but insulated from, its supports, 
which should be provided with sorews to regulate the pressure of 
the rubbers. The &ce of the rnbber is covered with amalgam, 
and on the edge &om which the motion approaches the rubber a 
slip of stout tmfoil should fold over slighlj^y to make a connection 
between the amalgamated &ce and the metal bock or conductor, 
and from the same edge should fold over a piece of soft silk, 
forming the real &ce through which the ama^om finds its way, 
and acts mnch better than when it is &eely in contact with the 
glass. From the other edge of the rubber extends the flap, which 
covers the surface of the glass where excited, and reaches close to 
the points which take the electricity to the prime conductor. It 
should be made of good stout black silk, sewed to the edge of the 
pad so as to touch the glass direcUy it leaves the pad, and outside 
wie black silt should be another, ulighfly smaller, of oil silk. In a 
cylinder machine this flap is simply a straight piece lying on the 
glass, bnt in a plate machine it ia cut to the shape of the disc. 

IIL lie Mechamcal Motion. — This includes the mounting bam 
o..„„.,Gflojile 
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which the motion ia to be imparted. Either plate or cylinder ia to 
be firmly mounted on an axis ; for small machineB thiB ma; be of 
hard wood, thoronghly baked and satnrated with parafBn ; in larger 
inBtnunenta this axle must be of metal, in which case it mnst 
be carefully insnlated in every possible way. The best way of 
secnriug a plate to its axle is to have two loose collars of prepared 
wood fitting tightly on the axle, and thick enoi^h to take firm 
hold of it ; the plate is fixed between these, and all the soifiices 
being well supplied with shellac Tarnish, all the parts are com- 
pressed together till thoroughly set and then covered over with 
several coats of vamish. The supports may be made of baked 
wood, mortised in the stand. Usually in plate machines this is 
Little attended to, as the pads are often fixed to them, and they 
provide an imperfect connectiini to earth through the wood, but in 
this case only one electricity can be utilized, while by carefiilly 
insulating the rubbers we can use either ; therefore if wood ia 
nsed it should be made as uon-ixinducting as possible, and the 
holes through which the axis is to work may be bashed with pieces 
of stout glass tube, the bearings being in loose pieces of wood 
screwed to the sides of the supporting frame ; an ordinary winch 
handle gives the motion, that part of it which is grasped by the 
hand being a stout glass tube free to revolve over the handle. 

IV. The Circuit of Polarization. — This, starting from the two 
&ces of the rubbers and electric, is carried by the motion which 
thus produces the "separation" under the points of the prime 
conductor, then, crossing the narrow stratum of air in the form 
of amall sparks or a conatont luminosity, to the sur&ce of the 
conductor ; thence across the dielectric, the air of the room, to the 
walla, where it meets the corresponding action which, starting 
fr^tm the rubbers through the earth chain or conneotiona, auoh as 
the table, polarizes in the opposite direction the surface of the 
walls. In charging a Leyden jar or other apparatus, part or all 
of the action is concentrated there, the two coatings forming the 
circuit with the material of the jar between them instead of the air, 

V. The Prime Conductor. — Tiis is the reservoir of force ; on its 
size depends the nature and length of the spark. It usually oon- 
sists of a lai^ brass tube, and is a somewhat elaborate and expen- 
sive affair. This is by no means necessary when we rigjitly 
understand ite objects; all that is really essential to it is the 
collectii^ portion ; this is simply a coarse comb or a row of metal 
points fixed in a rod, and it is well to enclose this in a wooden 
shield, casing all except the points. The rod is connected to the 
prime conductor, whict may be brass tubing aa usual or of wood 
covered with tinfoil or Dutch metal. It must be carefully in- 
sulated or the power will be wasted ; its sur&ce must be smooth 
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Etnd brightl; polished, and its form must present no sliarp edges ; 
all ite ontlmee mnst be corves as lai^ as possible, and where holes 
are provided for the insertion of conductors or apparatus, the 
openings shonld not be mere holes or tubes, but trumpet-shaped 
and formed into a curve. 

The prime conductor need not be a part of the machine itself; 
the collecting comb may be connected to a separate collector, as 
shown in Fig. 14 of the cylinder machine. Dr. Winter of Vienna 
has deriaed a peonliar addition to the machine ; it conaiBtB of a ring 
of iron rod a foot or eo in diameter, mounted on a brass stem 
which may be inserted into a hole in the prime conductor, which 
in his instruments is simply a ball : the wire ring is enclosed in a 
ring of wood made in halves and cemented ti^ether and polished. 
It is stated that a machine giving 7-inch sparks gave aoindi sparks 
when this was added. 

Mr. 8. Boberts has stated in the ' Philosophical Magazine ' for 



January, 1674, ^^^ effects of a similar character (that is long and 
vivid s^ks) are obtained 1^ substituting for the prime coi ^ ' 
a long Leyden jar made of a piece of narrow glass tubing. 



4). It may be as well to mention here, that though brass chains 
are very commonly employed for conneotiouB, they are very bad 
for the purpose, for they are full of breaks and points ; and if the 
moohine to which they are connected is worked in the dark, a 
constant stream of fire will be seen passing from them ; it is much 
better to use wire oord, such as is made for sash lines or hanging 
pictures, and to slip even this within a small caoutchouc tube : 
chains may be used to connect the rubbers to " earth " or surround- 
ii^ olijects, as there is little tendency to escape uoless brought near 
the prime conductor or plate. 

44. Ahaloah is necessary to develop electricity freely, but its 
mode of action is not well ascertained ; the molecular theory throws 
some light upon it, for it is a mixture of good and bad conducting 
substances in such condition that the molecules are readily capable 
of motion, hence they are easily polarized and communicate that 
polarization to the electric : it is probable also that a very fine and 
disoontinuoiis coating is given to the electric which facilitates the 
oolleotion of the electricity by the points. There are various 
formulae given, but it is uncertain if any one has a special advantage. 

Some of them are as follows : 

Zinc , 5 II 3 

Tin 3 34 ' 

Mercury 9 65 6 

The best process of making is to melt the tin and zinc together 
in a poroelain crnoilde over a Bnnsen's burner, then stir them well 
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together till they are just about to aolidify, when the mercury 
ehonld be added, worked in, and tlie whole transferred to a small 
mortar made warm enough to soften the amalgam while it is well 
worked together, after which a portion of hwd tallow not quite 
equal in balk to the amalgam is to be worked in. 

45- The foregoing principles being understood, those who wish 
to confitruct instruments for themselves may easily devise arrange- 
ments to suit their means. Kg. 15 shows an ordinary form of 
the cylinder machine, and Fig. 1 6 of the plate machine, the lettering 
on both is the same for eorrcHponding parts: a is the electrio; 
6 the rubber ; c the projecting flap ; d the collecting points, shown 
only on one side of the plate machine, but which should also be 
presented to the other face ; e is the prime conductor ; // are the 
snppmtdng frame of glass, ebonite, or baked wood. 



Very simple materials may be used, thus insulating supports, or 
handles may be made from ordinary phials, the object to be sup- 
ported being cemented into the neck with a mixture of about equal 
bulks of powdered resin and well-dried Bath brick melted together 
with a very little boiled oil. 

As the working of machines is so greatly afiected by damp, they 
may with advantage be buUt up within a closed box lined with 
ebonite instead of upon a frame, the axis passing through a stuffing 
box so as to eiolnde the external air, while the interior might be 
kept dry by means of a drawer containing lumps of fused chloride 
of calcium ; in this case one side of the case might be made a con- 
denser replacing the usoal conductors. , ~ 1 
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45. The second great divisioii of 'electrical macldneB ia based 
upon the principle of the eleotrophonia ; there is not a constant 



friction, bnt ft small charge is given to a piece of ebonite, and a 
revolving disc plays the part <rf the cover, taking a sncceseion of 
charges, and transfening them to a condenser or conductor which 
in tnm reacts upon the original charge and gradoallj raises it to 
a high tension. In these instnunents, although there is no direct 
friction, there is set np a resistance to motion by these electrical 
actions, which acts the part of friction and transforms the mechani- 
cal energy of the motion into electrical enei^ with all its effects. 
There are several forms devised by various electricians, but the 
tmly one of general interest is the Holt^ machine, which has 
nndetgone a series of modi£catiouB at the hands of Poggendorf and 
Professor Morton, and Mr. Bitchie in America. The earlier form 
will be found illustrated in several of the later electrical books. 
It consists of two thin flat discs of glass : one of these is fixed 
upright by being held in four clips carried upon glass bare be- 
tween the £ront and back pair of standards ; this diso has a hole in 
its centre to allow an axis to work freely in it : upon the horizontal 
diameter are two segmental openings or windows, upon the edges 
of which on the outer &ce of the disc are pasted segments of paper 

Gooj(le 
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with tongnee projecting into the opening, A somewhat smaller 
disc rotates at sboat one-eighth inch distance. Beyond the farthw 
side of this disc are two collectors or combs, such as are used in 
the ordinaj-y electric nutchine, faeing the points of paper, so that 
the rotating disc moves between the paper and collecting points. 
The combs are fixed npon horizontal rods which pass throngh the 
bar which cairies one end of the axis, and these rods terminate on 
the exterior in metal balls, in which work rods exactly like the 
arms of an ordinary oniversal disoharger, which control the distance 
between the ends, they being the poBitive and negative terminals of 
the machine ; the effect is greatly increased by attaching to each of 
the combe or connecting rods the interior coating of a small Leyden 
jar, both enter coatings being connected together. Mr. Bitchie 
simplifies the fixed disc by cutting it across two diameters so as 
to cut oat of the opposite halves about one-third of the quadrant 
in place of the original windows ; ho also extends the paper armatnre 
so as nearly to fill np the quadrant. Mr. Van Brunt has carried 
this alteration &rther by substituting tinfoil for the paper, bnt 
pasting down a rim of paper around the edges ; for the points he 
nses a row of half-inch pins mounted as they are usually sold, 
glneing them down on the glass by means of the paper with a strip 
of card under their heads, so as to oast the points just over the 
thickness of the glass in the opening, the tinfoil being then laid 
on in contact witb the heads, and then the paper edging before 
mentioned which is varnished when thoiot^hly dry. Fig. i'^ 
shows a lialf disc on this last plan. 

Fia. 17. 




To work the Holtz the two arms are brought in contact ; a piece 
of ebonite is mbbed and laid on one of the paper armatures. The 
disc is then rotated and the arms gradually separated. If the motion 
is arrested, or if the arms are separated beyond the distance at which 
sparks can pass, the machine loses its chai^ and the process must 
be recommenced. To charge Leyden jars, &o., the two arms are 
connected to the two coatings. 

In the more recent forms of the instrument, the fixed disc and 
its openings and armatures are dispensed with, and two plain discs 
are ranployed, both revolving, but in opposite directions. They are 
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usually placed horizontaJly in this form, the npper is fixed in the 
middle of an axis which is mounted in a frame ; the lower ia mounted 
upon a shorter hollow axis which nms upon the other, as in the 
tnun which carries the hands of a clock. Each axis has a small 
pulley fixed upon it, at the top for the apper plate and the bottom 
for the lower. A fixed axis at a little distance carries a driving 
wheel with two grooves in its edges, and an endless cord pas^s 
round 60 as to rotate the discs in opposite directions. 

Fia. 18. 




Another form of mounting has been sn^ested by Mr. Tnrton, a 

conespondent in the'English Mechanic,' which is shown in Fie. i8, 
t.oo;Je 
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the plan of wMoh, Fig. 19, also exhibits the osnal collecting 
arrangement. 

Foot glass 01 ebonite pillars carry the collectiiig combs whioh 
are connected together in pairs, a to c and b to d. Of these pairs 
one comb is placad under Uie lower diac and the other above the 
upper disc with the points nearly in contact with the glass. It 
is found better to add another ooUecting oomb above the discs 
&cing the lower one a. The instrmnent is eioited by holding 
a piece of Tabbed ebonite opposite the points of d while rotating 
thedifioe. 

The principle of all the forms is alike. The excited ebonite in- 
duces a ciionit throi^h the combe and the discs ; these latter retain 
the locked condition of polarization, and when moved nnder tlie other 
pair of combs, in tnm set ap a fresh circnit : the ocmstant rerolntion 
brings new charges, these circnits act and react npon each otii^, 
converting the energy applied, imtil the tension is raised to the 
desired point ; the process of conversion is oontinned until whatever 
inductive oiicoit exists has stored np the foil amonnt of energy iia 
inductive capadty enables it to absorb in the condition hnown as 
" charge," or nnder the proper conditions it restores that enei^ by 
" discbaige," as heat in the form of sparks, as meohanical motion 
when points are caused to revolve, at in any other of the forms 
whioh electrical energy cart assume. 

In this instrument we see this conversion more plainly than in 
the ordinary friction machines, because both the poles being in- 
sulated and the circuits limited, we ore freed from the ignis fetnus 
of the earth connection : it is obvious that we do not here pump a 
fluid out of the earth, or run back into the earth auy excess fluid 
which we cannot otherwise dispose of; we are brought &ce to face 
with the limited " inductive circuits " in which polarization can be 
set up, energy then flowing through as electrici^ equivalent to 
the mechanical energy absorbed. 

47. DtsTBiBUTioN OF ^EiiBCiiuam. — Most electrical works oc- 
cupy many pages and numerous illustrations to show the next 
leMJng law, (5) SUjUm dectricily it found and exigts only on the 
gurface» of hodtes. Faraday made many beaatSfol experiments to 
show this, and to prove, among other tlungs, that the force is to be 
found only on exlemal surfaces. Thus he showed that if a metal 
sphere have a small opening through which a proof plane can be 
passed, and it is thus charged from the inside, the electricity at 
once passes to the exterior, and none can be traced on the inner 
surface. A consequence of this law is that hollow bodies accnmn- 
lato as much static electricity as if they were solid, while con- 
duction of current electricity passes through the whole body and 
depends on its mass. One illustration of t£e apparent relation of 
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electrioity to external snrfEiGea will BnfGce. Fig. 30 ia a oonical bag 

of stiff muslin, provided with silk csorda bj which it can be tained 

Fig. 20. 

inside ont ; it is mounted on a metal ring supported on an insnlating 
stand. If a chained body is introduced into the open month and 
touched to the b^, the electricity leaves it, and is found on the 
outside, on which ^ the little fibres will rise ; no trace of any is to 
be fonnd in the interior ; if now, 1^ means of the strings, the bag 
is tnmed inside ont, the electricity at once passes to the other and 
now outer side. The same principle is illustrated by experiments 
to be described for other purposes. Faraday even showed that 
inside an insulated chamber built for the purpose within another 
room, and strongly charged with electricity, the most delicate 
instruments oontained in it and connected to it showed no trace of 
action. 

The two great authorities on electrical distribution and its 
consequences are Coulomb and Sir WUliam Harris. The first 
examined the subject in the most elaborate manner, by means of 
his beautiful torsion electrometer, and arrived at certain conolu- 
sions which he embodied in a series of laws. Sir William Harris, 
on repeating the eiperiments, found Coulomb's results only ap- 
proximately correct, and modified these laws accordingly, and to 
this hour the subject remains in this indefinite state. We are 
now ready to see the reason for all this. Electricity in its static 
manifestations must he fonnd otdy on turfaeei, where the polarized 
circuit passes from one body to another ; it is a state of strained 
rest, unmoving tension, and oan only be discovered by transferring 
that state of tension to another body. The laws of distribution 
and accumulation con only he approximate ; they are only general 
principles, and the distribution will vary with every variation in 
surrounding bodies, that is to say, with every alteration in the 
lines of least indaelive renttanee, so the charge will be found only 
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on the external STtrfece of an isolated body, if, as is nsnally the 
case, its polar ciicuii is directed to external bodies ; but if an 
interior body is provided through which the circuit is completed, 
then electricity is to be found on the inner surface. 

48. Fig. 21 conTeys the facta and the theory: a is a ball of 
metftl mounted on a glass tnbe which is 
FiQ 21. cemented into a neck on b, wbiob is a 

hollow sphere divided in two at its 
horizontal diameter, so that the upper 
half may be lifted by the glass tube, which 
should be longer than it is shown; the 
lower half is mounted on an insulating 
stem. If now we connect b to the prime 
conductor in the usual manner, it w^l re- 
ceive a chai^, and on lifting the upper 
half no electricity will be found on the 
inside of b, or on the ball a. But if we 
drop a wire through the tnbe on to a, and 
charge it, connecting b to earth, that is 
to the rubber of the machine, then we 
shall find + electricity on a, and — on 
the ineide of b, while the outside will show 
no signs of electricity. If the rubber is 
as usual connected to earth and also direct 
to a, while bis chafed -]-, both inside and 
outside will be found charged oft'ite, and 
the inner charge will be equal to the — 
cbai^ found on a and its tension greater 
than that of the outer charge, this being 
doe to the smaller space of air between the 
irmde of b and a, as compared with that 
between the oatiide of b and surrounding 
bodies ; we have in fact here two vadw^ive 
cireuiit, and the cbai^ will divide itself between them just as a 
cnrrent divides itself between two "derived eondaciive circuits." 
(S 23B.) 

Again, if we charge a as before, and then by a dischai^er 
connect the wire leadLig to it with the oateide of h, on removing 
the upper pa^t no trace of electricity will be found remaining 
on a, if the rubber is connected to " earth." Further, if we charge 
a from the conductor, the rubber being to eartb and h not con- 
nected to the machine at eJI, ve shall find that its inside is in 
a — condition and its ostside -(-, and this outer charge will be 
equal in quantity to that on a, and yet although the outside and 
inside are in intimate metallic connection, these two electridtiefl 
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will not ratmitie as long as the charge is mftiniained upon a. 
(See S $6.) 

49. Static eleotrioity, then, resides on snr&coB; and all other 
things being alike, the qnantity (to me the old inevitable, bnt mis- 
leading term) iB, from a given soorce, in the ratio of the sorfeces ; 
this ie tme only of spheres at some distance &om other bodies; 
with other forms the case is different. A qibere in these couditions 
may be regarded as a radiant point, which was the old view of 
electrical action ; and thus the actions of spheres when chained 
vary in the ratio of the sqaares of the distance as to attraction and 
repulsion ; bnt this, again, is only when distnrbii^ agents are at 
a distance. If, then, a ball, say, of i inch diameter, be charged to 
the fall extent a given source is capable of, and another ball of the 
same size be bronght in contact with it, and then separated, the 
first ball will only retain half its electricity ; if the second bidl be 
2 inches in diameter, the first will retain only one-fifQi, the other fonr- 
fifths passing to the second. This is the consequence simply of the 
relative surfaces, which increase in the ratio of the squares of 
the diameters, so that a 2-inch ball has fonr times the su^ce of a 
i-inch ball. This relates to the "quantity" only, and the reason is 
evident : the number of molecules of air in contact with the 
Bnr&ces increases in the same ratio as the enrfaces, and hence in 
that exact ratio increase the separate chains of polarization which 
can be set np at those snr&oes, towards finrrotmding objects. 

50. In eUipses the distribntion is different : the electricity is 
found to be collected at the ends in greater degree than at other 
parts. The mode of testing is by means of the proof plane and 
torsion balance (§ 66). On touching a enrface wim a proof plane, 
this latter becomes for a time the surface, and removes just the 
quantity of electricity belonging to the surface it di^lacos ; 
another mode of trial is by attaching gold leaves or pi& balls 
hanging by linen thread, which is a condnctor, to different parts of 
the cylinder, when they will open differently at different parts. 
De la £iTe says, " A cylinder 2 inches in duuneter and 33^ long, 
terminated by two hemispheres, when tonched by the proof plane 
at the middle or at one extremity, manifests electric reactions, of 
which the ratio of the first is to the second as i is to 1*30. The 
electric reiaction varies but little from the middle of the cylinder to 
a inches from its extremities, and increasea from this distance to the 
very extremity, where it is at its maximum." We may at once see 
that this statement holds good only for one set of drcnmetanceB. 
The force is manifested at the ends becanse they give the path of 
least resistance, and because a greater number of radiating lines 
can start from them towards snrronnding objects (S 5;). Bnt if a 
wire ending in « large ball be led &om the gas-pipe and held 
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towards the cylinder, the electricity will accumulate mainly to- 
wards the Bpot it approaches. So if two or many spheres are 
placed in contact in a line, the force will tend to the onter ones, 
and this furoiehefl Hie espltuiation of the action of poiate, and alao 
of sharp projecting edges. They are the terminations of good 
conductors, and on them the action is concentrated, the lines of 
polarization converging towards them. For similar reasons the 
affects of charge apon flat smfaces, terminated by edges, cannot be 
e^ressed in any definite formnlte, as it is affected both by extent 
of Bur&ce and of lineal boundary as well as by the surroiuiding 
bodies. 

51. If we take our two balls of i and 2 inch diameter and cha:^, 
them both at the same time from one sonrce, the 2-inoh will have four 
times the "quantity" of electricity on it that the other has ; but if we 
apply the two balls to two exactly, similar electroscopes, they will 
both give esactly the same indications, or if both are tested by proof 
plane and balance, both will be found charged alike. It is neces- 
sary therefore to see what will be the effect of altering the extent of 
soiface without altering the so-called quantity of electricity. We 
can do this by the instranient shown. Fig. 22 : a is a brass tube, 



one end fitted with a piece of metal Aom which extends a wire for 
the axis, the other end fitted with a plug of indiarubber, in which 
is secured a wire forming the other end of the axis, and bent into 
a winch ; 6 is a sheet cd tinfoU ; c and 0' are glass tubes, to the 
top of which are cemented wires bont round to serve as bearings 
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fiir a, on c is eoldei^ a wire hook to cajxy two pith balls, or slips 
of t li'T i foil, or a wire may be led from it to a quadrant or other 
eloctrometei ; a may be wood or glass, if a piece of foil is carried 
to the axis so as to connect the electrometer, and in this case 
a more exact meaenrement of the exposed snr&ce may be obtained. 
If the foil h be now charged in the osoal way the electrometer will 
give an indication representing a given charge. Now wind np the 
foil, and as the exposed surface dominishes the action is concen- 
trated on that smaller surface, and the electrometer indicates 
accordingly ', when the snriaoe is reduced to half, the instrnment 
indicates twice as much force as before ; when it is one-fourth, 
there is seen to be four times the force — yet in each cage there 
ie the tame quantity of tlectridty. The piop^^ we have now die- 
played is Intensity, a term which, however, is very confusing, on 
account of its having been misnsed ; this property is also t^ed 
depth of electricity l^ some, more oomm<mly Density, and ^till 
more often Tension. It is tbiU condition of the part of the electric 
indnctive circuit in which they are placed that is measured by 
electrometers, not the quantity of electricity. 

This has an importuit bearing in relation to dynamic electricity, 
in which electrometers are nsed as well as the more coiomon gal- 
vanometers. The grand distinction is this, the galvanometer is 
affected solely by the current or absolute qvantily of electrical action 
passing in a given time ; the tensions existing have no effect, and 
the instrument will give the same reading in Etny part of the circuit. 
The electrometer ie not affected by quantity, but by tension alone, 
and when applied to a circuit will read diflereutly in diSerent parts, 
because the tensions vary. (§ 215.) 

52. We have now to esamine the relation of these two charac- 
teristics of electricity, quantity and tension. Heat fnmishos several 
analogies which, though imp^ifiect, aid the conception. It also has 
the two properties, quantity and intensity. There may be the 
same equivalent of heat in a large measure of water at 50° and in 
a piece of iron at white heat; the quantity of heat woidd be said 
to be the same, but the intensity, i. e. the temperature, would be very 
different in the two cases ; so &r the anal<^y with electricity is 
perfect ; but we have a definite idea as to heat beiug measurable by 
its quanUtg, which misleads if the same notion is applied to the 
case of electricity. A moment's thoughtful oonsideration will show, 
however, that the idea as to quantiti) of heat is a misconoeptiDn ; 
our onlymeans of measnring heat (its amount, that is to say) is by 
ascertauiing the quantity of any substance it will raise to a certain 
intensity or temperature, and this varies with every sulstanoe in 
latioB dependent on the atomic oonstitntion ; it ie impossible to 
measure a qaatUity of heat at heat. Thus understood, Uie anah^ 
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with electricity is t^in perfect ; we caniiot meftsnre a qaaniity dS 
electricity, we can only me^ore the degree of tension we can de- 
velop in matter; and when dealing with curreDts, we find that this 
also varies with the atomic oooetitntion of the variooB bodies ; in 
statio electricity, however, the ide& of quantity is a delnsiou ; all we 
can measure is uie degree of tension prodnced, and for a given amount 
of energy that mnst obvionsly vary with tJie amonut of matter on 
which it is concentrated ; that is to say, if a given amoont of energy 
produces a certain tension on one area, if the area is donbled the 
tension must be halved, because it is exerted upon donble the 
number of molecular chiuns terminating on the area or suriaoe. 

This inevitable deduction &om the theory exactly accords with ' 
experiment, and furnishes the reason for the laws which have been 
deduced from observed facts, and also the means of extending and 
correcting those laws. ' 

53. On the various theories which snppose electricity to be a 
flni^ a thing having a real existence of its own, a different expla- 
nation is given, which, plausible at first sight, and sufSciently 
satisfactory as long as we confine it to static electricity, becomes 
ntterly inoomprehensible when we apply it to currents, and has 
thus caused the confosion of mind almost universal on Uiis point. 
It assumes that this enbstance, electricity, when &eed, is held to 
surfaces alone by some means, against a constant effort on its own 
part to escape : if a given quantity is placed on one area, it covers 
it to a certain depth, collects mainly on points and edges, where in 
consequence its depth or thicknees is greatest ; the intensity or 
tension is the measure of its effort to escape, and depends on the 
depth or thickness of its stratum, to nee language which, though 
unsuitable to an intangible, almost spiritual essence, is yet £e 
only mode of making the idea intelligible ; if the Bnrface be now 
dinunished, as by rolling up the foil in Fig. 33, the electricity ac- 
cumulates on the diminished surfitce, and by the time the snrfoce 
is halved, of course the thickness of the stratum must he doubled. 
Hence it is explained why the density of a given quantity of elec- 
tricity varies in the inverse ratio of the surface to which it is 
attached, 

54, It is necessary to give this theory, but it breaks down when 
we find that the idea of a measurable qitantiiy of electricity existing 
at tdl is &Uaeious, nor is it any more comprehensible than the 
explanation fomiBhed by the molecular theory — that the relation 
between what is called Quantity and Inteneity is simply the number 
of molecular chains on which energy produces Tension ; in static 
electricity, dependent on the area of the oondactors in contact with 
the dielectric or air ; in dynamic electricity, dependent on the mole- 
cular oonstitutioii or equivalent relations of the substances forming 
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the oondnator and on their Bectional area, which it is obrionB repre- 
aeuts exactly the chained snr&ce in static electricity, where this is 
viewed as simply a section of the ImductiTe drcmt, when it passes 
ftota one medinm to a different one. As it is an evil to change terms 
onoefamiliar, the term "quantity" must still be used for this relation 
of energy to mBrtter, but it cannot be too strongly fixed npon the 
mind, that this word does not mean a meamre, or the exietence 
of a thing to be measnred, bnt simply a number proportionate 
to the mMeonlar chains in which is set np the condition illoa- 
trated g 39. 

5 5 . One of Faraday's' beantiful esperiment^ contains the essence 
* of many, and illnatrates most of the yarioos points hitherto con- 
sidered. Let Eig. 33 represent a room eontaining », a sonroe of 
electricity, such as a machine, to the prime conductor of which is 
suspended a ball +, the mbber being connected to earth, that is to 
the walls ; e is an electrometer whi(£ if connected to + will show 
positive electricity by the leaves diverging ; if instead of this e is 
connected to the walls, a feeble divergence will be manifested, 
bat this time it will show negative electricity ; this, however, will 
require a very delicate instrnment, becanse idthongh exactly the 
some quantity of negative electricity exists on the walls as there is 
of positive on +, the snrfaoe is so vastly larger, that the tension 
is so low as to render its presence almost undiscoverablo. In this 
figure the radiating lines from the walls indicate the lines of polari- 
zatiod of the moleonlee of air. 




55. The experiment is fnrther developed in Fig. 24, in which j) 
is a metallic pail snrronnding +, and itself insulated by the glass 
stand i. The pail is not in contact with + , yet on connectioa to 
the electrometer its outside is found to be -{-. In fitct this eqteri- 
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ment is in priociple the eame as those described § 48, and by cal- 
culation of the Btirfaces, the pail will be fotmd to have tbe same 
quantity of positiTe electricity on its exterior sorface as -|- itself 
has, yet the latter has loet none ; on the other band, if + be 
now touched to the pail and discharged, p will receive no mora 
electricity, nor will e nunifest any change in ita condition, althongh 
+ has lost all its charge. The reason is, that the pail when phu^ 
round + without contact, t&kea the place simply of the particles of 
air, and by presenting thns a change of sobstauces, mtuiiieats the 
condition of polaiization existing in the air it displaceA, bat not 
manifested or disooverable there, because these ejects of atatio 
electricity are never oihibited within any single substance forming * 
part of the inductive circuit, but only at &« points where that 
ciccuit passes from one subst^ice to another, that is to say, at the 
snrfaces in contact. Thus it will be foand that the interior of p in 
this condition is in a negative st&te, and this is oanally temed 
electrification by induction ; it is, however, embraced in the gene- 
ral theory that electricity is simply a chain of polarized molecolea, 
and any molecules inserted in &.e chain neoeasarily become pola- 
rized. Instead of a single pail, several may be employed within, 
hnt insulated from each other, when each will show — electricitf 
inside, + outside, and each will be found to have exactly the same 
quantity, with a tension proportioned to its surface. 

Several important ooncluaiona may be drawn from this experi- 
ment. It is a fundamental law that no efiect can be produced with- 
out a cause, force equivalent to it being expended. But if the 
charged ball + be inserted into a set of pails, it polarizes them, 
producing a number of surface all charged with as much electricity 
as itself withont itself losing any. Say, if the ball be first inserted 
before charging, it will be found that it can be charged more easily 
than when the Hurrounding pails are removed. Now if induction 
were a fresh effort of force, it is clear that neither of these circtun- 
stances would occur. Why they do occur is evident on this theory. 
The resistance to polarization of tbe metal pails is less than that 
<rf the air, they therefore require no effort of force, on the contrary, 
the transfer of the state of tension from air to metal diminishes the 
force absorbed in the action, or the inductive resistance of the 
circuit. 

When it is said that the chafed body loses no force, the state- 
ment requires explanation ; it actually loses, but then every charged 
body does this, and in every experiment the tension is constantly 
falling at a rate dependent on the state of the air and sarroundiug 
objects ; what is meant therefore iB,*that this normal rate of loss is 
not increased by the condition of the experiment. 

57. Exactly the same teaching is dcriTod from the experiment 
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shown in Fig. 25, which is commonly employed to illostrate " In- 
duction," ae though it were an action set up by a body possessed 




of free charge, while it really exhibits the mode in which the chain 
of polarization is developed, -f is a charged ball on an insulating 
stand ; if we imagine it standing alone, the conditions ore those of 
rig. 23, an equal quantity of — electricity existing on the walls ; 
we now bring near it, but not near enough for a spark to pass, the 
insulated cylinder a. This fttrnishes a new path for the force, and 
its molecnles are polarized, gold leaves or tinfoil suspended at its 
ends will diverge, and by examining their condition the oharge at 
the end nearest + is found to be — , and the other end positive. 
The common explanation is that the free electricity of the ball de- 
composes the natural electricity of the cylinder, attracting to its 
nearest end an equal quantity of the oppoeite electricity, and repel- 
ling the similar to the other end. Add .b, a similar cylinder, and the 
same result occurs in it, and in as many as we please. Terminal* 
the series hy a ball similar to the first ; it, like the cylinders, is 
polarized ; but if by means of a chain or a discharger we connect 
the ball to " earth " for a moment, we find the ball is then charged 
with — electricity alone, and to continue the old explanation, it6+ 
goes to earth, leaving the free charge opposite to that of the first ball. 
Bat the real explanation is this : When a is placed near the ball, 
it presents a more ready path for the force, because its molecnles 
resist less than those of air, hence a twofold action. Its molecules 
are polarized by the force charged on the air it displaces, but also 
a disturbance of the previonsly-eiisting arrangements is prodnced ; 
instead of the polarization proceeding in all directions equally, a 
presents, by its enlarged surface, a mnoh readier path, and the 
largest portion of the force tends to it, and will result in a spuk 
passing if they approach too closely, while if this is avoided, a 
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eimple redistribntioii of tiie lines of force oocnis. When b is added, 
a Bimilar result and &esh distribntion occnr ; and again when the 
last ball is presented ; bat when this lost is coonocted to earth, it 
becomes the nearest portion of the sarronnding enr&cos. The force 
difrtribnted in Fig. 23 over the walls is collected chiefly on it, and 
nearly the whole is contained in the balls and cyKnders, the circnit 
completing itself throttgh the Bturotrnding air. The whole of the 
circuit will, however, neTor be entirely confined thns, because it ia 
wholly a question of relative resistances, and electricity always 
distribntes according to the ratios of the resistance, among all the 
paths open to it ; hence, the — charge on the last ball will never 
be equal to the + on the first, as the old theory would inrolve ; if 
touched together there always remains a charge on + which is 
equivalent to the — left on the walls, &c. ; so also each snccesaive 
cylinder will be polarized with diminished force, and will retain on 
removal a slight positive charge, if the final ball has been connected 
to earth, because from each of them a fraction of its circuit is 
completed by the walls instead of through its opposite end to the 
next cylinder. This also explains the residual charge found in 
Leyden jars after discharge. 

58, The same theory explains the action of charged surfaces, 
wbich plays so important a part in electricity in the form of 
condensers, such as the Leyden jar, and those used in indaction 
coils, and in those vast condensers, submarine cables, in which these 
effects of charge produce the great retardation in the passage of 

Fig. 26. 



signals, which long puzzled practical electricians. The instrument 
shown in Fig. 16 is intended for examining this subject. It consists 
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1^ a wood or ebooite etand with e. groove down it» middle, in wliioh 
can be inserted the eteme of the other parte which ctm then be 
placed parallel to each other, and at varions distances. A and B 
are glass or ebonite sterna carrying metallic dwcs ; C is a similar 
Stem carrying a clip framo, which will support a sheet of glass or 
other dielectric. Now let A, standing alone on the frame, be 
charged from the prime conductor, it becomes +, and tlie walla — 
as nsual, and gold leaves or pith hcdls attached to A will be repelled 
on both its faces to an extent dependent on the tension of the 
charge. Now if B is placed as shown, it will produce no effect on 
A, but will itself be polarized exactly as were tho cylinders in 
Fig. 25, and in a degree depending on the diatances; depending 
that is npon the area of the inductive circuit or lines of polar- 
ization which its snrfece occupies. If B be now uninsulated 
by touching it, it will be found to be wholly negative. Thus 
far we only repeat the conditions of the case described in § 57 and 
Fig. 25. 

If we connect A to the conductor, and B to the rubber, the latter 
being insulated so as to confine the action to this circuit, when we 
generate electricity electroscopes filed to the inner faces will be 
repelled as nsual, but those on the outer faces will be entirely 
unaffected. In this state we cannot dischai^ either of the discs by 
any earth connection, we can only slightly dimifiish the charge ; 
the reason is that the circuit is concentrated on the two inner foees 
and the intervening air, and if they are the same size, each face 
contains equal charge as to both quantity and tension. If we touch 
A, a derived circuit is set up, and a portion of the positive charge 
passes to surrounding conductors, and the more distant apart the 
discs are, the greater this portion will be, because the charge will 
divide itself in proportion to the resistance of every path open to it. 
If we next touch B, a similar action occurs ; first an amount of force 
passes away equal to that removed from A, and then a negative 
chaise takes its place; thus, step by step, the chai^ may bo 
removed. 

This experiment furnishes the same explanation as that given in 
S 47 as to the relation of electricity to surface ; it shows also that 
no really free charge esista ,'anywhero, but that where one state 
ezists on any surface, an exactly equal and opposito state balances 
it on some other surface to which it is related and connected by a 
polarized dielectric ; it confirms the idea presented, § 40, that 
repulsion is only apparent because the repelled body simply tends 
to the opposed surface ; no repulsion occurs except in that manner: 
and then, because the ball, by moving, diminishes the resistance 
of the circuit of polarization of which it forms part. 
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5g, If A, while at the greateet distance from B, and the latter 
insulated, be charged to the fullest extent a given Bonrce ia capabia 
of, an electroscope will show a certain force by its leaves expanding ; 
if B is now connected to earth, the loaves collapse ; most text bookB 
tell us that the reason is, that the negative electricity developed on 
B by induction, and set free by the positive going to earth, 
neutralizeB the positive od A, which is thus bound or diainmlated, 
renewing the capacity of the surface, which is now capable of 
receiving a fresh supply of force, until the electrometer again marks 
a point which cannot be exceeded ; now if the plates are approached 
the same prooees is' repeated, the leaves fall, the force is again 
dissimulated,' and a further charge can be placed on A. Freeing 
our minds from the ideas of dii»imidalion, ihe theory gives a clew 
explanation of these facts. The charge a given circuit can receive 
from a given source is in the ineerte ratio of &e resistance of liat 
circuit ; or, in other words, proporlional to itt indvctive capadtjf, 
which may be called law (6). In each case the electrometer leaves 
fall because the resistance of that part of the circuit which they 
form is relatively increased by the diminution of that of the other 
parts of the circuit, while the diminution of roBistance enables the 
circuit to bear a higher charge until the point is again reached at 
which the reeistaQce of the circnite balances the electromotive 
force of the source. 

60. If a sheet of glass be placed upon C, Fig. 26, and the two 
plates brought into close contact with it, we have the ordinary form 
of condensing apparatus, and a rongh means of ascertainiog the 
relative values of different snbstances, as to what is called their 
indnctire capaci^, a snbject of the very greatest practical import* 
ance. For use in condensers, and in many electrical apparatus, 
those substances ore best which have the highest inductive capacity, 
aB they accumulate the force in the highest degree. For nse as 
insulators, tho lowest inductive capacity should be combined with the 
highest insulating jwwer, for the two, though alike, are not identi- 
cal ; thus, in telegraph cables, if the insulator have a high inductive 
capacity, the force is absorbed in producing charge instead of 
current, and the rate of signalling is diminished. It is not proposed 
to go into this subject, or to describe the delicate processes of 
measurement; but the apparatus measures this property by em- 
ploying sheets of the different materials all of the same exact 
thickness, and ascertaining the charge a given souioe can give in 
each case. 

Faraday and others have tested various substances, and the 
following table from Clark and Sabine shows the relative values as 
compared with aii. 
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€1. GondeoBera built up in a series of flat plates are now 
geneTSilly used for the same purposes for which the Leaden jai 
was formerly employed, and as they have many uses their Cftpaeity 
is given in tie last column of the table in definite measure, for 
which see § 206. Unfortunately the list does not give the ralue 
of the most convenient of the insulators, paraffin. 

The best mode of constructing a condenser is to cut up the tinfoil 
into sheets of the size desired, and to make of them two piles like ' 
the leaves of a book, the one which will represent the outer coating 
of a jax containing one sheet more than the other, which repre- 
sents the inner coating; upon the extreme end of each of these 
piles place a tinned wire or strip of metal, and by means of a 
soldering iron run all the edges together so as to make a perfect 
metallic connection.* Cut sheets of paper large enough to allow 
a margin of at least an inch round three sides of the foil. The 
paper should be thin, not highly glazed, and should show no acid 
reaction by reddening when moistened with a neutral solution of 
Utmus, it should be baked thoroughly dry, phiced in a vessel of 
parafBn kept well over its melting point, and then drained sheet 
by sheet as smoothly as possible. A well-baked piece of wood of 
' the same size or larger than the paper is laid upon a table, its face 
soaked with parafBn and a sheet or two of the paper laid npon it ; 
upon this is laid the " outer " pile of foil with its soldered end some- 
what projecting, and all its leaves turned back eseept the lowest one 
which is to be rubbed smoothly out on the paper ; lay over this two 

* These boots of tinfoil should be well baked and warmed when nbout to be 
nsed, to drive off all moistura from tho surfaces of the metal, and it is well to 
rub each leaf as it ie laid down with a dry warm cloth, and the same with the 
prepared paper, unlesOi used immediately after preparation. 
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sheets of the paper, and on the top of this the other book of foil, 
ao placed that it lies exactly over the firat sheet excepting for the 
margins at the opposite cads ; turn back as with the other all its 
leaves except the first, and upon this place two sheets of paper ; 
continue this process, laying back npon the paper, sheets of foil 
from the' books alternately, and between each foil two sheets of 
paper ; when the whole are in place, cover with two or three sheets 
of paper and a board like the first, the whole should then be com- 
pressed by clamps or by screws passing through the two boards, 
and warmed up to the melting point of paraf&n, increasing the 
pressure to drive out all excess. The first board should be pro- 
vided with a binding screw at each end, and the wire of the corre- 
sponding set of foils soldered to it. It is desirable to keep a 
delicate galvanometer and a battery in circuit through these screws, 
so that if by any accident or defect a contact or circuit is completed 
during the process, the galvanometer will at once show it. Paper 
thoroughly dried and coated with or dipped into thin sheUao 
varnish, § 20, and dried, may be used instead of the paraffined 
paper or thin sheets of ebonite, guttapercha, or mica. It is exceed- 
ingly difficult to prepare a condenser which will not loee its charge. 

The capacity of the condenser depends (1) upon the specific in- 
ductive capacity of the insulating materiel; (2), upon the area of 
insulator enclosed between the tinfoil. It is usually reckoned by 
the area of the foil itself, not including the connecting margins, 
vrhich do not face the opposite foil, nor one of the outer leaves, 
because it is not really the foil which is to be considered, but the 
dielectric enclosed between two connecting foils connected to the 
opposite poles of the exciting scarce. 

The law is that the capacity is in the inverse ratio of the resist- 
ance ; it is increased therefore by increasing the area of the dielec- 
tric, or by diminishing its thidmess ; but this latter must be fully - 
equal to resisting discharge, so that the thickness of the dielectric 
must be increased when a condenser is required to bear charges of 
high tension, or else the condenser would be destroyed by being 
pierced, as happens occasionally with the glass of Leydea jars. 

62. Thb Lbydbn JAB.^This instrument, accidentally invented 
without any knowledge of the principles it is dependent on, is 
nothing but a form of the instrument Fig. 26, a dielectric with 
two surfeces connected with the opposite poles of a source of 
electricity. The dielectric is the essential element, the snrfacee 
form the connections, and hence when a jar is charged the metallio 
surfaces may be removed, and will be found to be &ee of any 
electrical excitement, which will on the other hand be manifested 
by fresh metallic surfaces applied to the dielectric, the molecules 
of which arc not restored to their state of equilibrium nntil a 
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diBchaige of the force charged on them occnie, either saddenlj or 
by gradual diffnsion. 

The Leyden jar is so well known, that it is needleBS to occupy 
Bpace with either figure or description; indeed it is an instmuieut 
l^t, now its principles are nnderstood, must soon pass out of nse, 
because it is e^ensive and inconvenient as compared with other 
forma which effect the same pnrpose, such as the condeneers just 
described, which may be naed aa the jar is ; if they are made up in 
sets of a few sheets, each representing a jar, they may be combined 
for "qnantity " as one, or for tension in seriee, just as jars are ; 
a set of sheets of gl^is coated on each side may also be used and 
mounted in a grooved tmne ; they occupy little space compared 
with jars, while they can be combined aa required by means of 
balls connected to the snr&ce like those of jars. 

63. On bringing a conductor in contact with one of the coatings 
or terminators of a jar or other condenser into the neighbourhood 
of the other, a spark p^ses, which is the discharge of the condenser, 
and this spark again illustrates the nature of " quantity " and tension. 
The quantity depends on the surface of the condenser and the 
tension of the source, and it governs the aieo or body of the spark, 
but the length of the' spark or the striking distance depends only 
on the tension. If two condensers made exactly alike as to the 
dielectric, one of one square iach, and the other a square foot, be 
both fully charged fe>m the same source, they will have the same 
tension, bat the second will have 144 times the "quantity;" if 
discharged across a measured space, the discharges occur irom both 
at exactly the same distance, bnt the eize of the sparks will be 
very different, 

64. If a Leyden jar, well insulated, be presented to the prime 
conductor of a nmchiiie, only one or two sparks will pass to the 
knob connected with its interior, but if a conductor connected to 
earth touches its exterior coating, a series of sparks will pass; the 
jar will then become charged, to a point at which no ^tber sparks 
will pass. These circuiostances are analogous to those discussed 
in § 59, though they are commonly explained as due to electricity 
becoming dissimulated ; it is evident that so long as the jar is 
insulated no circuit can be formed through it, but its knob simply 
takes a cha^e &om, and becomes part of the prime conductor; 
but when the outer coating is connected either directly to the 
rubber, or indirectly to it t&ough the supposed earth connection, 
the force is stored up by Indnoing the state of polarization in the 
glass or other dielectric. 

65 . Thb Unit Jas. — For many polyposes it is essential to know 
exactly the amount of energy which is employed in producing a 
charge. Fig. 27 shows an Instrument for ttus pnrpose called a nnit 
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jar. j is a Bmall Leyden jar with a csoyered snrbce of say 6 iuchee ; 
the inside is connected to a metallic etem which c(m eitbet be 
ineerted in the prime conductor or moimted on an insulating stand ; 
to it is also connected a stem c terminating in a ball ; the outer 
coating has a ball a which ie connected to the jar or battery to be 
charged, it is also provided with two metal rings which cany a 
screw stem h ending in balls ; by it the distance separating the 
dischai^iag balls of the two coatings is regulated, and consequently 
the tension to which the jar can be chained ; li is an advan^geoos 
addition to the ordinary form, to prevent the irregnlarity attendant 
on the moisture of the air, it is simply a cylinder of glass dosed 
at the two ends with indiambber through which the stems of the 
two balls pass ; a lamp of chloride of calcium placed inside will 
keep the air dry. 

f jQ 28 ^ BOGa as the charge 

rises to the tension cor- 
responding to the dia- 
Pia, 27. tance separating the 

two balls, a spark passes 
and discharges the unit 
jar without affecting the 
battery or large con- 
denser, and by counting 
. the number of sparks 

/ which thus pass, during 

the process of charging, 
the amount of force it 
has received is pretty 
^ , accurately measured, be- 

' cause each spark implies 
a constant quantity and 
tension. Of course, a 
unit of this kind can also 
be constructed of paper, 
&c.,Bnd be thus made of 
^ eiactly the same specific 

!" resistance as the con- 
, denser with which it is 
to be worked. 
66. Coulomb's Tobsioh Eleotbouetkb. — This is the most deli- 
cate instrument known for measuring attraction and repulsion, and 
by its means their laws have been measured. Fig, z8, A is a ghiss 
cylinder, round which is fiied a circle graduated to degrees ; h is 
a cover of baked wood or ebonite, in which is cemented c, a glass 
tube terminating in a cover d, also graduated ; e is a ball fitted 
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with a pointer, and &om it is snB{>eiided by a silk fibre or very fine 
wire a stem of sLellac ending in a ball which ie gilt ; / ia a ball 
and stem of insulating material tennioBtiiig in a gilt ball of exactly 
the same size aa the one on the Buspended needle ; this passes 
through a hole in the oover, large enough to allow it to pass with- 
out contact. 

6^ . The mode of using thig inBtmment is to charge the ball on / 
from the body whose condition is to be- ezarained ; when inserted 
into its place it touches the other ball, divides its charge equally 
with it, and then repels it. The force of this repulsion is measured 
by the torsion of the suspending fibre, for any force producing 
torsion ia proportional to the angle of toraion. To ascertain this 
angle the baUs are so arranged that the movable one is opposite 0, 
on the scale of degrees, as also ia the pointer on the upper scale; 
after repulsion the ball has to be brought to a fixed distance by 
twisting the fibre. Suppose tho angle of repulsion be jS", and it 
is required to reduce it to 1 8°, and that the upper pointer has to 
traverse 126° to effect this, 126 -f- 18 = 144° is tbe angle of torsion, 
and gives the measure of the charge in the terms of this particular 
instrument. To measure attraction, a stem of insulating material 
has to be passed through the oover, after the ball on the needle 
has been moved back, so that thia resta gainst it when attracted, 
and then the force of torsion required to increase the distance is 
aacertained as before. 

68. A precisely aimilar instrument is employed in measuring 
the attractions and repulsions of magnets ; for this pnrposea magnet 
is suspended in a stirrup of paper attached to the snapending fibre 
or wire in place of the stick and balls shown, and a magnetic pole 
presented in place of the charged ball. 

£9. Sir W. Harris devised another apparatus which is an ordinary 
balance, one of the pans of which is a disc, below which is an in- 
sulated disc of the same size which is charged ftom the prime 
conductor, and the attractive force at varying distances may he thus 
weighed. 

70. Laws of Attbaotion and Ekpulsion. — It has been found 
that both these effects obey the same laws, and are alike affected by 
distance of the surfaces and quantity of charge. 

Dittance. — Taking the same figures as in § 67 where 16° re- 
quired 1 44 of torsion force, if the balls be approached to 9 the 
upper point will move through 567°, and this + 9° is a force of 
576. Wo have thus three distances to compare, ^6,18°, g", which 
are in the ratios of i, ^, } ; but the corresponding forces are 36, 
144, 576, tbe ratios of which are i, 4, 16. Hence we have law (7). 
The repulsive force between two bodies similarly electrified varies 
'y at the »quare of the dielance. 
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Qwmiity. — If the fixed ball be removed and touched witb a Bimilar 
ineolated ball its chaige will be again divided, and will then be 
only half that of the movable ball. On replacing it, it will be 
found that the repulsive forces are only half what they were before, 
and if the process be ^oin repeated, the repulsion is only one- 
eighth, heuce law (8). At equal distances, the repnlsion between 
two similarly electrified bodies varies as the prodnd of the qwadxiiei 
of their charges. 

Tensicn. — Althoogh the foregoing law is based on quantity, it is 
really to the tension that the efiect is due, but as the experiments 
are based upon equal and similar surfaces, the quantity is propor- 
tionate to the tension. Tbns, if a pith ball be suspended from two 
surfaces, one double the area of the other, but both charged with 
the same quantity, that is, the smaller having double the tension 
of the larger, the repulsion force manifested by the ball will on the 
small surface be double that on the larger. 

71. These laws, useful in order to fix general principles in the 
mind, are, however, misleading when baldly stated as definite truths. 
80 far as they are true they are merely consequences of the general 
principles of the inductive circuit. 

When two equal surfaces are equally charged with opposite 
electricities, they attract each other with a force, as stated, pro- 
portioned to the product of the two quantities. Exactly the same 
result is obtained by a djfierent expression ; the product of two 
equal figures ia the same thing as the square of one of them ; and 
bom this &ct has grown up a pseudo law that the force of elec- 
tricity varies as the square of its quantity, and much which passes 
for electrical truth is based on this mode of expressing the law, 
which is usually adopted by mathematical writers. But when we 
dearly realize that electricity never does, and by no possibility 
ever can, reside alone on one snriaee, we see at once how apt this 
supposed law is to mislead. 

Supposing the instrument Fig. 22, § 51, to present an extep- 
nal surface of 1 square foot, and to be chained by four successive 
charges of a unit jar of 6 square inches, it would have on it 4 units 
of force at i unit of tension, as + electricity, and the surrounding 
. walls would have 4 units of — , the product being i $, according to 
the tine law; according to the false law, derived from it, 4^ = 16 
also. When the surface is reduced to half, the tension on that half 
is doubled, therefore we have surfiice 2 unit^ tension 2 units ; still 
4 unite quantity, 01 total force on the surface, which again, by both 
laws, gives 1 6 for the total force of the circuit, because that on &o 
walls is unchanged. So when the surface is reduced one quarter 
or I unit, the tension becomes 4, giving us exactly the same force 
in e. difTereut state of distribution at one of the poles of the circuit. 
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Of conrse, in tide illuBtration, we leave out of view the inevitable 
loBa or leakage wluch, like fidctdoa in mechanics, alnays attends 
practical operations, but wMcb can be calcnlated and allowed for. 

It may be imagined that the distinction thus drawn of true Bnd 
false between these two e^reBsions is nnneceeeary, as they appear 
to give the same results ; but the &lse expressioD leads to ra&aj 
deductions of very great importance and to much misconception, 
because it is linked with the idea of electricity existing &ee. Thue 
one of the common expcesaiona based on it ia " The intensity of an 
electric charge is proportional to the square of the thickness of the 
stratum of electric fluid on the surfiice." For the same reason 
many electrical writers would say, in reference to the esperi- 
ment just referred to, that when the surface is reduced to half, the 
force eihibited would be fourfold, and when one-fourth sisteen- 
fold that shown at first. This abortion is, in fact, a natural deduc- 
tion from the false law, and is based on the immediately preceding 
expression flowing &om that law. But it implies the creation 
of force, for if by concentrating a given force on one-fonrth the 
surface, or by putting four times the force on the same surfece, we 
con raise the energy sixteen times instead of four, where does this 
excess of energy come from ! But the indications of some instm- 
ments would actually show sixteen times the force in a certain 
sense, and the true law shows us how this occurs, and agrees with 
the natural proposition that the force on a surface must increase in a 
ratio of its multiples, not in the ratio of the squares of the multiples. 

Fart of this confusion arises from the different meaning attached 
by writers to words : thus intensity and tension are usually con- 
gidered as synonymous, but Harris used them with differeut mean- 
ings, and stated that while intensity varied as the squares of the 
quantity — the false law, tension varied directly as the quantity — 
uie true law; this confasion is cleared off by regarding tension 
as the true force, and " quantity " the mode of its action, that is to 
say, the number of molecular patiia of polarization on which the 
force is concentrated at each section of its circuit, multiplied by 
the tension thero existing on them. 

It may suggest itself to some inquiring mind to aek how it is 
that the force of a circuit is the product mstead of the sum of the 
two quantities or forces, as the latter would be the case in mecha- 
nical strains on a rope. The explanatiou is that the tension of an 
electric circuit, though manifested at bounding surfaces, is not con- 
fined to them, but is active through the whole circuit, and thus the 
formula of the sum of the two quantities manifested at the two 
surfaces of equal and opposite t^msion expresses the whole force 
charged upon that part of the circuit which is there measured. 

This diBCUBsion was requisite to elucidate the principle, but tiiat 
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nnderstood, it ie indifferent which formula is actually vaei, so long 
as the forces exhibited at the two sections of the circuit are equal 
and opposite. 

72. It may he well to deaoribe a few of the most useful forms of 
meaaures or electrometers befiiro leaving this subject. A needle 
of shellac, carrying a disc or ball, may be mounted Bo as to turn 
on a needle point, like a compass, or suspended by a hair or fibre 
from a &ame. The quadrant electrometer is a metal rod which 
may he fixed on the prime conductor, or any instrument, or on an 
insulating stand. It is fitted with an ivory or wood pl^ marked 
with degrees, &om the centre of which hangs a pith baUL Harris's 
cdroulor electrometer is still better though not so simple. A stem 
of wire cmred for^rard at the top carries a ring, to the sides of 
which ara fixed wires terminating in gilt balls ; similar pith balls 
are mounted on a fine wire or straw turning on points within the 
ring, and moving under very slight force. Sometimes a universal 
joint is made in the stem, so that the instrnmeut may be inclined, 
and eo diminish the resistance of gravity. 

In these instmments the force of repulsion is evidently balauoed, 
Betting aside friction., by the gravity overcome, that is, the weight 
raised a certain height ; and t£is will be found to be proportionate, 
not to the angle of repulsion, but to its tangent ; or where two 
bodies, both movable, repel each other, as with two pith balls op 
gold leaves, the force is proportional to the chord of the angle they 
form. However, very little direct information can be obtained from 
them. It is of course true that the two forces balance each other, 
and therefore the weight raised or resistance overcome is equal to 
the electric force employed in ovorcomiug it. But that force is 
taken Arom the total force of the electric circuit ; the circuit is also 
diminished in length by exactly the space the repelled bodies, 
move through, and hence the mechanical work done by this repul- 
sion is the measure of the inductive resistance of the space they are 
moved through, aud whose resistance is thus removed from the 
circuit. 

These rough instmments are only available for electricity of 
high tension : for more delicate purposes Harris's balance electro- 
meter § 69 is employed, or. Peltier's, which is described in most 
dcctrical text 'hooks : for purposes of extreme refinemeat Sir W. 
Thomson's quadrant electrometer is employed. 

7^. DiBOHAEOE. — The effects of electrical discharge indicate that 
there is a real or essential difference between what are colled the 
two electricities, that is, the actions produced at the opposite jwla- 
rities of a source. Thus, if a discharge be passed through a card 
(which is easily done by pasting on its two aides pointed pieces of 
foil presented towards each other, but with their points not exactly 
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opposed), OB insulating tbe card and connecting one piece of foil 
with the inner coating and the other with the outer coating of ajar, 
a spark will pass and produce a hole ; this will ahow a burr on both 
Bides, indicating that the disruptive force is not a penetrating, but 
a pulling one, and in so for showing a siroilar action on both sides, 
but the hole will be much nearer the — or negative pole. 

But the principal evidenoo of this difference is found in the ap- 
pearance of the discharge itself; thus the positive pole tends to 
produce a brush discharge, apparently spreading, while the nega- 
tive tends to a bright concentrated star form. The effect is showa 




in Fig. 29. The appearance is modified by circumstances, snch « 
size of the terminals, and their form as balls or points, but still the 
direclion of the passt^ produces different effects. A brash will be 
produced at the extremity of a wire if rounded off, in both cases, 
but the negative brush is much less defined than the poaitive. So 
with the star, if a pointed wire be approached to a large ball, a star 
forms on the point in both cases, because it concentrates the mole- 
cular action ; but if the ball be -f , the star continues till the point 
is close to it, only becoming brighter ; but if the ball be — , as the 
point approaches the star turns to a brush. 

The nature of the medium in which the discharge occurs also 
greatly afiects its appearance and conditions; thus, if the density 
of the air be increased, the resistance to discharge increases in the 
same ratio, and as this means a proportionate increaae in the num- 
ber of molecules, the reason obviously ia that the tension is lowered, 
exactly as it would be by increase of surface in the cases previously 
examined, thus giving direct proof of the transmission of electricity 
by the tension produced on material molecules. 

The nature of the medium in which the discharge occurs also 
greatly affects its appearance, as is seen when the discharge is 
effected through vacuum tubes : this is usually observed by means 
of induction coils, as it is by them that the effects are best mani- 
fested, but a good friction machine will well illuminate vacuum 
tubes and perform many of the experiments usually made with the 
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74. One feature of electric diecharge ia, however, important to 
notice, becanae it is intimately conne^ed with the theory of elec- 
tricity; it is always attended with either mechanical motion or 
molecnlar di9tnTt)ance. Thos, as a general mle, when the dis- 
charge is oconrring there is a stream of air from the dischai^ng 
points. This ie shown in many electrical toys, snch as the whirl, 
in which wires with the points bent at right angles are placed on a 
metal point connected to a sonrce, and roTolve as long as action 
continues, and in the dark, streams of light are seen issuing from 
the points. 

But in other cases the molecnlar cohesion of the substances tra- 
versed by the charge is destroyed, as in the pierced card and the 
broken glass of au over-charged Leyden jar. These effects are 
dmilar to those of lightning; thus, if a piece of wood have two 
wires inserted in it so that, the points approach, but are separated 
by a stratum of wood, a strong charge passed will shatter the wood 
to pieces. 

Further study of the electric spark will also show us that a 
molectLlar decomposition of the discharging surface occurs, and an 
actual combination of its materials is produced like the actions 
displayed in electrolysis. If two pieces of gold leaf or tinfoil be 
placed on paper with the ends slightly separated, and firmly 
pressed between two non-conducting surfaces so as to limit the 
direction of discharge, it will be found that the metal is detached 
and spread in minute particles over the interval. 80 in the 
electric light a constant stream of molecules of carbon is detached 
&om one pole and carried to the other, the interval being filled 
with carbon in the state of vapour or gas or absolute molecular 
division, which is, by the by, the only case in which pure carbon 
gas is known to be produeei 

Again, the colour of the spark ie modified by the nature of the 
surface giving it, each metal imparting its own colour, and if the 
medium be one capable of combining with the metal such combina- 
tion occurs ; in other words, which disguise the cause while stating 
the fact, the metal is burnt ; really, a combination takes place analo- 
gous to that which occurs at the anode in cases of galvanic action, 
for it is obviously not caused by heat, as in no case is the metal 
raised to the required temperature, see § 193. Those who wish to 
examine more completely the nature of the in<luctive circuit of 
static electricity will find the subject very fully worked out in 
Mr. Webb's ' Accumulation and Conduction of Electricity.' 
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7 5. The purpose of this chapter is not to treat of mftgoetism and 
its phenomena on their own account, hut only to deal with them, so 
far as they are connected with or throw a light upon Electricity. 

The magnetic property of a natural subetance, Ferrosofeiric 
Oxide F3O1 or FeO + FejOj, known as the loadstone, was dis- 
covered in eEirly times from its power of attracting and adhering 
to iron. It was afterwards discovered that the loadstone imparted 
its powers to steol, and that masses of steel thus acquired a variety 
of peculiar properties besides that of merely attracting iron. 

The first striking property is-a directive power by which a bar 
of magnetized etoel always places itself in one position, with one 
end pointing towards the north ; the next is that when two sach 
bars approach each other, two of the ends attract and two repel each 
other, instead of displaying a constant attraction, as with iron. 

76. In examining these properties we find that the force, be it 
what it may, which is acting, is concentrated mainly at the two 
ends of the bar, towards which the holding power on iron is 
greatest ; thus, if a bar magnet be rolled in a mass of iron filings, 
these will adhere to it la the manner shown in Fig. 30 ; so if it is 



measured by the actions on a suspended needle, the force is repre- 
sented mathematically byacnrve shown in Fig, ji, which exhibits 
half a bar magnet, and shows that the point of greatest force, or 
what is called the pole, is not at the actual extremity, but a 
distance within, varying with the length and form of the magnet. 
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These fignres are identical with those which represent the diatri- 
bution of electricity according to the laws discusBed in § 70, and 
hence there was early perceived a relation between magnetism and 
electricity, and this natorally, in times when men never hesitated 
to create any power which would serve to explain a fact, led to the 
hypothesis of two magnetic fluids, the Austral and Boreal, now 
entirely abandoned, although their brethren, the electric flnids, 
are stiU cherished by many philosophers. 



Fig. 31. 




77, A remarkable feature in magnetic force is that it apparently 
acts at ft distance without relation to intervening substances, pro- 
viding these are not themselves magnetic. Hence a magnet acte 
just as powerfully through a sheet of glass ae through air. If 
therefore we place a sheet of glass over a bar magnet, and tdft iron 
filings over it, these arrange themselves in obedience to the force, if 
we lightly tap the glass to aid them in moving. Fig. 32 shows the 
result, the filings arranging themselves in closed curves, which 
exhibit the lines of force surrounding the magnet, and on which, or, 
rather, on the tangent to which, at any part, a suspended magnetic 
needle will place itself. This figure represents there&re a section 
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of a magnetic field ; the field itself of course extending ronnd the 
magnet in all directions. It also enables ue to perceive that 
magnets do not act simply at a distance ; they indnce in all but- . 
rounding matter a condition which is the source of magnetic 
action ; but it is only some fonns of matter, of which iron ia the 
most important, which render this condition active as magnetic 
force, and are themselves capable of retaining that condition, and 
transmitting it afreeh. 

78. To ascertain what this condition is, we must examine the 
magnet itself. Thas f»r wo see in it a repetition merely of the olec~ 
trified cylinders in Fig. 25 with the -f- *iid — charges apparently 
collected upon their separate ends. If, however, one of those 
cylinders was capable of division across the middle, we might 
obtain the two parts in the opposite states, one wholly + the other 
wholly — , and there ia thus some ground for the idea that we have 
retdly separated two fluids ; bnt^this is not the case if we break a 
magnet across, for we find that two perfect magnets are produced, 
two fresh and opposite poles being generated out of the previously 
inert middle, while the forces these possess are taken from the 
or^[inal terminal poles, the attractive powers of which are reduced. 
We may repeat this process to an unlimited extent, tiU we convince' 
ourselves that the perfect magnette power resides in every minute 
particle; In fact, that magnetism is a force belonging to and 
residing in the molecules of which the magnet is composed. This 
view of the nature of a magnet is well expressed by Fig. 33. 

FiQ. 33. 



This presents the mt^et as consisting of a collection of polarized 
molecnles symmetrically arranged, the force of each series exhibited 
at its two ends, and completi:Ag its circuit of polarization or force 
through surrounding matter in the curves shown in Fig. 32, This 
conception is strictly correct as to the focts of m^netiam itself; 
but when we come to the theory and to the evident connection of 
magnetism and electricity, it is apt to generate confosion of ideas, 
owing to the apparent resemblano e between the polarized mdeoules 
in both cases. 

79. To avoid this confusion, and more intelligently to examine 
the facts and the true relation of the two forces to each other, and 
to the molecules of matter, it is desirable to define those relations 
in aoooidaoce with the views ar rived at as to the relations of eleo- 



faricity to matter. Electricity and magnetiBm then are the same 
force, and are tffo actiouH at poUrized molecnleB, manifested at 
right angles to each other, and both developed together. Elec- 
tncit7 is the action which ocoors in the line of polarimtion. Uag- 
netinn is the action which occnts at right angles to the line of 
polarizaUon, and in all direottons at right angles to that line. But 
Uiere aie some important distinctions to be noticed. Electricity is 
esaentiaUy a dynamic foroe ; its nature consists in prodaoing motion 
in, and transmitting energy along, the polarized chains ; its static 
actions aie only incidents of tim prooess, dependent on the resis- 
tance offered to the completed motion. Magnetism is, on the other 
hand, pnrely static ; it consists in the storing up of energy in ttie 
polarised molecules. It should also be remarked that whDe mt^ 
netiam is an essential consequence of and attendant npon electric 
' polarization, it is only manifested as magnetic action by certain 
snhBtanoee which possess the faculty of assaming that condition 
which oonatitutes a magnet ; of these iron, nickel, and cobalt, are 
the most effective, and tiiis state is more readily produced and 
manifested by dynamic electricity of large quantity than by static 
Fig. 34. 



k 



electric!^ of high tension. Considered from this point of rienr. 
Fig. 34 A represents a typical molecule, and this figure once 
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thoroi^hlf mastered and fixed m the memory will answer eyery 

possible qnestion as to tlie relations of magnets oud currents, the 
ftction of helioes, galvanometerB, coils, &c. A magnet will always 
place itself at right angles to such a molecule (forming of course 
part of a polarized chain), with its north end to the left hand, 
looking &om. the molecule itself, so that the arrow or m^net N S 
is supposed to be on the fiirther side of the molecule. There is, 
however, no tnie directive force in this action, no north and south 
tideg to the molecnle itself as there are -f- and — ertdg, but the 
directive tendency is the same at right angles to any radius of the 
molecule at right angles to its line of polarizatioii. Thus, if 
the molecnle be vertical, and a aospended needle be carried round 
it, the needle will retain the same relative direction to the molecule, 
but will make an entire revolution on its own axis, and its ex- 
tremitieB will point in turn to every direction, provided the directive 
action of the earth is neutralized, as by a fired reversed magnet. 
The reason of this is shown in Fig. 34 B. The polarized molecules 
of the magnet are ranged, not in the line of magnetic force, as in 
Fig. 3 j, but at right angles to this line and round the seotions of 
the magnet. 

This is a necessary consequence of the definition, becaose it is 
only thus that the lines of polarization can be at right angles to 
the line of magnetic ene^y. Hence the directive enei^ of the 
magnet is dne to the inductive action of the energized molecules, 
tending to range all neighbouring molecules in the same order as 
themselves. They thus set up a magnetic field {which is a resolu- 
tion of the forces exerted by the various acting molecules) in which 
all the particles of air and common matter range themselves, like 
the filings in Fig. ja : when a magnetic body enters this field its 
molecules range themselves in obedience to it, and by their own 
power set up a field of their own ; when the body entering the field 
is already magnetized permanently, and therefore has its molecules 
already so ranged, or ia temporarily magnetized circularly by 
being the conductor of an electrio current, then if movable as a 
mass, it is turned or attracted or apparently repelled in such 
manner as in most energetically form part of the original lines 
of force or magnetic field ; but if it cannot move it reacts upon the 
field and moves the magnet if movable, and a new field is set up 
which is the resolution of the forces of the two or more magnets 
within it. 

B Fig. 34 is a filament or row of molecules, ftn-ming part 
of a magnet which is built up of many such rows, forming circles 
of poluized molecules, which retain that polarization becanse they 
are so completed or closed. 

80, If a magnet (which for this purpose B Fig. 34 will represent) 
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be placed helov) tie electric molecnle or cnnent, this filament is the 
upper line or side of the magnet, and will range itself as drawn, 
ftnd on the arrow N & ; bat if the magnet be cixtve the molecule the 
filament is the lowermost one, and the position would be reToreed, 
in order to bring N to the left of the molecnle looking upwards ; 
the Tertical arrow + — represents the line of polarization, or 
carrent of which the molecule forms part, + being the positive pole 
at any intersection of it. 

This fignre represents in fact Ampere's iUnstration of the relation 
of magnets and cnrrenta ; for let the reader conceive himself to be the 
molecule, the cnrrent of which he forms part entering at his feet, 
his head therefore being the + extremity ; his right hand will 
have the magnetic actions of a N pole to any object at which he is 
looking, and therefore any m^net in front of him will present its 
N end to his left-hand, the magnet itself standing fairly acroea him 
in front in whatever direction he may tnm. 

6i. DiAMAONSTisK. — By means of electrical cnrrents, which 
consist of energetic polarization of the molecules of the bodies they 
traverse, and which induce similar and parallel Lines of polariza- 
tion in all enmnmding bodies, magnetic efTects can be developed 
in all substances, and Faraday and others, by means of very power- 
ful magnets, have proved that magnetic actions do thus occnr, 
modifi^ by the nature of the enbatances and their molecular 
arrangement, which lead to a classification of substances, as mag- 
netic and diamagnetic. 

The first class, when interposed between the poles of a magnet, 
place themselves with their Icnger axis in the line joining the 
poles ; the latter arrange themselves across that line. There has 
been a tendency among some philosophers to attribute this to a 
force distinct from magnetism, but there seems no snfScient reason 
for it, as the properties of the magnetic field will explain the facts ; 
it would seem more probable that the diamagnetic substances are 
those in which the faculty of assuming the magnetic condition is 
feebler than in air, and that therefore the molecules of air form the 
field more readily than thrae of, say, bismuth, and consequently 
move tiieee latter into the position in which they take up the least 
portion of the lines of force ; thus a tube containing a weak iron 
solution will be magnetic in air, but suspended in a vessel contain- 
ing a stronger solution of iron it acts as a diamagnetic substance. 
Diamagnetism will not be further entered upon in this work. 

82. Whenever iron is attracted, magnetic polarity is induced in 
it, and the attraction results from that process. That is to say, the 
attraction is for the m^netism, not for the mere iron ; bnt on 
removal from the inducing magnet, the iron retoms almost entirely 
to its previous inert or nnpolarized state. Steel, on the other hand, 



is mncb less strongly attracted, but retains the polar state ; both 
ciroumstBiices resulting from a reBiatance in tbe molecules to an 
alteration in tbeir stat«. This, no doubt, is connected with the fact 
that steel is a compound of carbon and iron, and thus its molecnleB 
are very different from those composed of two atoms of iron only. 
This resistanoe is termed the coercive force of steel, which TarieB 
very much in different samples. Those in which the ooercive 
force is great^t are the hardest to magnetize, but make the 
Btrongest and most perfect magnets. This property, therefore, 
fnmi^es a limit to the magnetism any steel can possess, and is 
called its point of saturation; temporary power may be given 
beyond this, but will speedily be lost. Another element in the 
power of a magnet is the force of the source from which it was 
derived ; thus, if magnetized from another magnet, its force cannot 
exceed that of the magnet used : that is to say, its specific magnetic 
inteuBity, or relative molecular force in proportion to weight ; 
hence powerful magnets should be employed to import tbe force. 

8 J. Maonetization. — Steel may have magnetic power developed 
in it by drawing a bar magnet along its several sorfaces, always 
in one direction, or the same process may be adopted with a horse- 
shoe magnet ; in both cases it is still better to arrange a complete 
system of bare forming an octagon or squaie, and draw the magnet 
round and round, always in one direction ; in this plan tbe bars 
may be all steel, or alternate steel and fron. 

If the operator has two bar magnets, an excellent plan is to 
place them with opposite poles together over the middle of the bar 
to be magnetized, and then to draw them slowly asunder to tbe 
ends, repeating this sis or eight times on each face. This process 
is still more effective if tbe ends of the bar rest on two other mag- 
netic bars with their opposed poles in the same direction as tbe 
moving magnets. Fig, 35 shows this process, n s being tbe bar to 

Fig. 35. 




be mi^etized and W a piece of wood to support it and steady tlie 
lower magnets. This is called the method of single touch, and is 
best suited to thin needles and bars, not more than a quarter inch 

in thickneas. 



The method of double touch may be illngtrated b; the some 
figure. 

The triangulat apace between the two movable magnets is filled 
with a piece of wood, and their upper ends connected by a bar of 
soft iron, and both are moved to aud fro along the bar n », without 
separation. This proceBS gives more magnetic power than the 
other, but it is apt to be irregular, and to produce amtequeiU pomtt, 
that is to say, reversals of magnetic polarity within the bar, which 
then, acta aa if it were composed of several shorter bars, with 
similar poles in contact. 

In magnetizing steel in the horseahoe form, two ahould be 
placed with their enda together, and the magnets carried round 
the system, or if two are not needed the ends should be closed 
with an iron armature. 

84. Tbi Battbbt Pboobsb. — This is the most effective, and will 
develop the greatest power; needles may be magnetized by en- 
dosing them in a helix extending their whole length and passing a 
strong current for a few minutes, for which see § 171. For large 
bars and horseahoea the instrument Fig. 36 is well suited. It is a 



short helix of stout covered wire, the central opening of which is 
largo enough to allow it to be passed over the bar. It should be 
arranged at the middle of the bar, and connected to a battery 
sending a powerful current through it, and regularly passed along 
the length both ways several times, allowing the ends to half enter 
the helix, and brought back to the middle before the current is 
stopped ; the action is facilitated by slightly tapping the magnet 
during the process to produce vibration. An ordinary electro- 
magnet may also be used for the touch processes, in the same way 
as a permanent steel magnet, aud has the advantage of great 
intensity of magnetism. 

85. Quality of Stbbl, and Teupzb. — For large magnets, har- 
dened cast steel is best ; for compound horseshoe magnets the 
same steel annealed at 500°, or hard shear steel ; for needles, 
cast steel annealed in boiling oil. Steel made of the beet iron, 
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Bnch &s Swedisb, makes the beat mftgnete, and fihe liardening or 
tempering should be eqnel througbont. 

85. FoHU AJH) ABaAMOXUEHT.^For compass needles, the best 
form is flat, tapering from the middle to the points ; for bat and 
horseshoe magnets, the mass of material should be divided into a 
number of plates not exceeding a quarter inch in thickness, sepa- 
rately tempered and magnetized, and ammged with their similar 
poles together ; they should be insulated from each other by sheet 
brass, or cardboard, and bound together either by screws or exter- 
nal bands of brass. The ends should not be flat, but tapering, so 
as to concentrate the action on small terminal surfacee ; and in 
some cases it is well te terminate the whole by pieces of very pnre 
soft iron, shaped as desired, fitted te the end of the bars, and 
secured to them, 

Very powerful magnets have been made of late from very thin 
steel plates, similar to that nsed for clock springs, the ends 
gathered into terminal blocks as just mentioned. 

By. When a number of bare are thus nnited, the tetal force is 
never equal to the sum of the whole separately, because the similto' 
poles tend te nentralize each other ; in some cases the central bars 
will even be reversed by this action, for which reason they should 
be the longest. This is the reason, tt^ethet with the superior 
temper of ttte surfaces, that a nnmber of separate pieces give more 
power than a solid bar of the same mass, as in this the interior 
portions are apt to take reverse magnetism to the exterior, thns 
completii^ closed magnetic circuits, and leavii^ little force to be 
eserted on external objects. 

88. PsKSEBVATioif OF Magnbts. — They shonld be carefolly 
handled, and all jarring actions avoided ; when not in use needles 
should be placed in the true magnetic direction; the same with 
bars; but either may be still better preserved h; placing two 
together with their poles reversed, and a small piece of soft iron 
between them at each end. Horseshoes should always have the 
keeper or armature on, and their powers may be greatly increased 
by hanging them up with a weight attached, which can be gradually 
increased. Care should be taken, however, never te violently 
detach the beeper, and when this is removed for use, it should be 
done by sliding it off across the poles, not by pulling it away. 

89. The Dibwjtivb Fobok. — A magnet capable of free motion, 
if approached by another magnet, is attracted by this, if extremi- 
ties of opposite names are nearest, and the ends of similar names 
repel each other. This repulsion, however, like that of electricity, 
is only apparent ; it is the consequence of the fundamental prin- 
ciple of magnetism, the polarity of the molecnles. It ia simply 
the efibrt of these molecules to place themselves in the parallel and 
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caDBecntiTe order deBoribed in § 8o. In soft iron this is effected 
by molecolai leversal ; the coercive force of steel leaists this, and 
therefore the ina§a of the magnet tends to tura ronnd to efiect the 
same result, and if this be resifited the molecular action very 
commonly occurs, resulting in the penn&nent veakening of the 
magnetism, or even in the total reveteal of that of the magnet 
whose intensity is least. The direction in which the free needle 
will arrange itself depends on the petitions and distances; in &ct, 
it ranges itself on the lines of the magnetic force of liie fixed 
magnet, viz. on the cufves shown in Fig. 32, and the apparent 
repulsion as well as attraction are due, not simply to the visible 
bodies or magnets, bnt to these lines of force or chains of polarized 
particles of air, &c., -which sarromid them to a considerable 
distance. This is very distinctly shown by the process of attrac- 
tion upon iron. If a piece of soft iron ia applied to the N. end of a 
bar magnet, it ia attracted because polarity is induced in it ; it 
becomes itself a magnet with its 8. end in contact with the mf^et. 
If, now, a second bar magnet is applied with its S. end to the other 
end of the iron, the action is increased, the iron held with double 
force ; bnt if the N. end of this second bar be applied, the two 
actions neutralize each other, and the iron, though in contact with 
two magnets, will have only a slight attraction exerted upon it. 

90. The earth itself acts as a lai^ magnet, and hence a free 
magnet arranges itself in relation to the magnetic poles of the 
earth, which are not at the same points as the true poles of its 
axis of revolution, nor are they even permanently fixed. The 
conaequence is that the compass does not point true North and 
South, nor exactly in the same direction at all timee. So also it 
does not rest in a horizontal direction, but in the northern hemi- 
sphere, with its H, pole lowest, or dicing, pointing to the 
m^netic pole, and thus occupying the magnetic curves of the 
earui in a manner exactly similar to the behaviour of a suspended 
magnetic needle in relation to a la^e bar magnet. Terrestrial 
magnetism is a scbject by itself, and one of vast practical interest, 
but it is out of the scope of the present work. Our concern with it 
is simply to r^ard the earth as a hnge magnet, and to understand 
that its actions are the same as those of any other magnet. 

91. AupiErb's Theobt. — As before remarked, magnetism was 
formerly explained by the invention of two fiuids ; but the theory 
now universally received is that of Ampere. Working from the 
fact that a circolar electrical current constitutes a magnet at right 
angles to its plane, and that electro-magnete are practically com- 
posed of a series of such circular currents ranged in the form of 
helices, and also from the fact that the force is evidently possessed 
completely by the molecules of permanent magnete, he taught that 
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magnetie enbetanccs are composed of molecules around which cur- 
rents of electricity are constantly flowing ; that magnetiatn consists 
in ranging all these onrrenta in parallel order, and it has been 
thoronghly proved by the most stringent mathematical analysis, 
that this beautiftil idea explains all the facts of magnetism. 
Fig. 37. exhibits this theory. A is a cross section, showing the 
snppoeed molecular cnrrents, the sum of which acts like an external 
onrrent, and B represents a cylindrical magnet, of which A is the 
end shown, or any section looked at from that end. 
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^2. B«tiitifnlly scientific as this theory is, there are fatal 
objections to it, not ^nerolly seen. In the first place, it ia based 
on the idea of electricity bemg an entity, a something which can 
circulate ronnd the molecules in a real stream, and tlierofore it is 
inconsistent with more recent views as to the nature of electricity ; 
but apart trom this, though we might assume it to be possible that 
such circulating currents might be confined to the molecules, 
it is impossible to conceive how they fail to arrange tbemselvea 
sjrmmetrically always, or why, once arranged, as in magnetized 
iron, they derange themselves at once the moment the inducing 
magnet is withdrawn. The very nature of electric currents would 
require a coercive force to prevent the magnetic condition being 
always existent, whereas the reverse ia the fact. 

95. Thb Molbodlab Thbobt.-— The theory of electricity sot 
forth in the foregoing pages and extended to magnetism, § 80, 



D,0,l7PCihyGt.)t5^le 



74 ELECTEICITT. 

takes poeseBsiou of all Ampere's work, and adopts all the facts and 
all the mathematical problems and proofs based upon them : all of 
these are unafTectcd hj the substitntion for the sssamed oiicnlatmg 
molecular currents, of the coaoeption of the polarized molecnle 
exerting inflnenoc npon all the neighbonring molecules and arrang- 
ing them in systematic polar order. Fig. 38 shows at a glance 
both the resemblances and differences of the two theories. 
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A, regarded as a permanent magnet, shows the mtdecnles retained 
as a polarized chain, analogous to the conditions of static electricity, 
and it showe bow an electric onrrent generates this state in a bar 
around which it circulates. The coercive force of the magnet is 
dne to the resistance of the molecnles to the change of condition, 
either to being magnetized or demagnetized in the case of steel, 
the molecnleB of which are compound, while iron has little power 
to resist either. What it is in the molecules of iron and steel 
which gives them these properties, we do not know. 

94. Laws or Maonbtio Foboe. — Many attempts have been made 
to &x the laws of attractive force of magnets, and the result appears 
to be that it varies inversely as the square of the distance, as it 
mast indeed from the cause which generates this nniversal law of 
actions proceeding from a centre, this being a necessary conse- 
quence of the fact that the areas of spheres increase in that ratio ; 
but this only applies to each point of a magnet regarded by itself; 
practically no distinct law can be laid down, as the force is a oom~ 
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potmd action and varies with the form of the m^net. Thus the 
poles of a magnet are the centTee of actjon of each half of the 
magnet, not neceesarily the points where attraction is strongeet, 
which is usually at the end, while the poles are generally at about 
two-thirds the distance from the centre to the endB, and in tapering 
needles, still nearer to the centre. As to the attiactiTe force oi 
weight-supporting power, this varies with the quality of the steel 
and also with its form, length being the chief element in this 
latter. For the relative powers of magnets see § 95. 

The vibrations of a magnet obey the same laws as those of 
pendulnms, that is to say, they take the same time for each osoUlt^ 
tion, whether large or sraalL 

95. MAQNETtc MouEHT. — This mathematical term frequently 
causes much difQoolty to those unacquainted with the higher 
mathematics and mechanics. Its full explanation does not come 
within the scope of this work ; all that can be attempted is snch an 
er^anation as is possible without elaborate formnlre. 

In mechanics the " moment " of a force is its value under given 
oironmstaoces, aa of the force applied to a lever to move it around 
its ^crum. A magnet is a lever, its centre the fulcrum, its poles 
the points at which the foroe ie applied, and therefore the length of 
leveiage. " Moment," therefore, is componnd, and the moment of 
a magnet dej^euds upon the specific intensity of its magnetism, and 
npon its length ; this gives the common expression m L The poles 
of a magnet have no real existence, their position varies with sur- 
rounding conditions, the; are really only a term to express the 
theoretical point which acts as the focus of the energy exerted 
under any given conditions by each half of the magnet ; the poles, 
therefore, are never the extreme ends of the magnet, but at a point 
within the ends varying with the shape of the magnet. 

The moments of magnets may be compared by their relative 
actions as regards another magnet; if we use the earth as this 
magnet {and do not need the high accuracy which would take into 
account the varying magnetic intensity of the earth itself) the 
moment of a bar magnet may be measured by suspending it by a 
fibre and counting the time of one oscillation, or the number of 
oscillations in a given time, the relative moments are the square 
of the number of oscillations, or inversely as the square' of the 
time of one oecillation. 

The moment of the magnet may be ascertained in absolute 
measurement upon the same principles as those of the tangent 
galvanometer, S 176. 

A very short needle is freely suspended so as to hang in the 
magnetic meridian over a zero line. The magnet to be measured 
is placed npon this line, at right angles to it and in the plane of 



the needle, at andi a distance that it produces a deSeotion of only 
a tew degrees. Let be the angle of deflection, d the distance in 
metree between the centres of the needles, H the horizontal com- 
ponent of the earth's magnetism (say i ' 7 G4), then m{ = H d^ tan. 0. 

Horsoahoe magnets may be eimilarly measured if their ends 
are placed on the line which a bar wonM occupy, and the distance 
measured from the central points between them. 

The " intensity " of a magnet may be considered as the relation 
of the force to the mass of matter it is charged on, and therefore 
varies as the ratio of the magnetic moment to the weight or volume 
of the magnet ; thus, if one bar has a magnetic moment cqnal to that 
of another of the same length bnt donble its weight, it is itself 
magnetized to twice the intensity. 

These considerations are of importance in the construction of 
galvanometers, as will be seen % i"]^- 

Before leaving the subject of m^netism, it will be well to point 
out the error of the common conception of magnets as inexhaustible 
sources of force. It is this misconception which has led so many 
to waste their time in trying to devise perpetuaUmotion machines, 
of which magnetism was to supply the motive power. 

Magnets, like springs, can only exert the power which has been 
put into them ; they have no force of Ihmr own. In the act of 
magnetizing, whether by magnets or by electricity, a certain 
amount of energy is charged upon tho molecules, just as it wonld 
if each of the molecules in Fig. 73, p. 65, were a spring which was 
wound up in the act of magnetizing. When the magnet exerts any 
"orce, it parts with lliat force ; it is to that extent exhausted, and 
,he enei^ it parts with is distributed over the new "field," or in 
be armature, &<i,, which has been moved. If the armature is a 
nass of iron aa large and heavy as the magnet can hold, the magnet 
s exhausted ; it will no longer affect external m^nets, &c., or but 
'ery slightly. Before the mi^et can exert any further force, the 
requisite energy must be restored to its molecules. This is done. 
by removing the armature, which requires an exertion of force 
equal to that the magnet exerted in attracting it. 

The distinction is simple, but important; the common idea 
regards the removal of the armatnre aa an exertion of force against 
the power of the magnet, and in some sense this is so. But the 
leiil action is the restoring to the molecules of the m^net the force 
which it has given up to its outer circuit, which ie effected by the 
molecules themselves so long as they retain the magnetic coD<Ution. 
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CHAPTER IV. 

GALTAiriO BATTEBIEB. 

96, It K difBcult to eiBmine the facte of galTamsm thorongbly 
in any progreasiTe order. It appears beat to commenco with 
examining practically the various Bourcee of the forc«, the difierent 
forms of battery ; but this can be done only by the aid of know- 
ledge of a much higher order. Students, thoreforo, must needs go 
over this ground twice, assuming at first the principles and laws 
neceBsary to understand the facts, and returning to these again 
after the study of those principles of measurement, &o^ based 
upon Hie &cts. 

97. If we place a piece of ordinary sheet zinc in a dilute acid, 
we find that a tnmDltuone action takes place, the zinc Ib dissolTed, 
and hydrogen gas is given off. Another effect ^ produced which 
is seldom set forth when this fundamental experiment is stated ; as 
the zinc diBsolves, the liquid becomes heated. Now this last fact is 
the one of primary importance ; for with all the similar facts in 
chemistry, it teaches ub that whenever an action takes plac« spon- 
taneously between two Buhstauces, heat or eaoigj is set free. Let 
us examine, though only cursorily, what oocnrB in this instance, and 
why it occurs. The fnU explanation will be found in Chapter VIII, 

The old explanation, and one even now frequently given, is that 
the zinc decomposes water, H^O, gives off tbe bydri^en and fonus 
oxide of zinc, ZnO, which is then dissolved by the acid, forming a 
salt of zinc. The true explanation is &r more simple ; the acids 
are Bubstaucea in which hydrc^en forms the base, nnited with a 
Bpecial acid radical ; hydrogen, though a gas, and one which has 
never yet been liquefied, has many chemical analogies with the 
metals, and, indeed, there is good reason to believe that it is a true 
metal, and capable of assuming the solid metallic state in alloy with 
some other metals, being then a conductor of electricity, and dis- 
playing the ordinary physical oboracteristics of metals. At all 
events, metals are capable of taking its place in compounds ; and 
thus in the case under consideration, any of zinc acting on dilute 
sulphuric acid, H^SO,, the metal merely displaces the hydrogen and 
no,-7«jhyGt.)tJ'^le 
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coQTerts the BubBtance into ZnSO^, snlphate of zinc, instead of 

sulphate of hydrogen, 

98. It is requisite to clearly understand, that besides the material 
elements, ener^enteTsinto the constitution of all bodies; all possess 
a specific quantity of what we know as heat, and according to the 
molecular theories, the atoms of which all sabBtoncee are compoBod 
are in a constant state of internal motion ; tbe amount of that 
motion governing the physical Btate, as solid, liquid, or gaseous, 
and also the chemical relations; alHnity is, in fact, a function of 
these motions (and very probably dependent upon the wave lengths 
of the vibrations proper to each element, as shown by the spectro- 
scope) ; the less the motion, the nearer the atoms approach, and 
the greater the attraction they eiert on each other. Hence, when 
what are called higher affinities come into action, tbe internal motions 
are diminished ; but, as a conBoquence, this motion becomes external, 
active and sensible, instead of internal or latent ; and thus it is that 
every act of chemical combination setB energy free in some form, 
usually aB heat, while every act of chemical decomposition requires 
the supply of energy to re-establiab the internal motions, or ibtent 
forces, or, as it is usually expressed, to overcome the cbemioal 
affinities. Indeed, as in many other cases, we are gradually finding 
a truth in an ancient delusion ; for, in modem science, energy 
or internal motion iB gradually assuming the position of phlogiston 
in the old chemistry. ' 

99. Thus, when zinc is dissolving it gives off hydrogen and ieo( 
while forming the more satisfied compound, sulphate of zino. If 
we use a piece of iron it does tbe same, but if we use copper, no 
such action occurs. Now, if we place in the same sulphuric acid, 
copper and zinc, but separate from each other, we see gas ponring 
oS the zina and not &om the copper; but if we permit Uiem to 
touch a new phenomenon occurs : the gas appears to issue abun- 
dantly &om the copper. 8till if we examine the liquid we find 
that no copper is dissolving, while the zinc Ib dissolving &ster than 
before. Instead of allowing the two metals to touch within the 
liquid, we connect them by a wire, and we find tfcat this wire is 
suddenly endowed with extraordinary properties ; if it approaches 
a magnetic needle the earth's directive power is superBeded, and the 
needle no longer points N. and 8., but places itself across the wire, 
and in different directions, according aa it is above or below ; if the 
wire be coiled round a piece of iron, it endows it with powerful 
magnetic properties ; if the wire be cut in two, and its ends dipped 
in liquids, it produces chemical changes in many of these ; lastly, 
the wire itself becomes hot. But in proportion as these efieots are 
developed, ho doeB the dissolving zinc generate less and less heat in 
the liquid. Here we have the explanation of the sources of these 
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external acttons : there ie no creation of energy ; nothing new occurs, 
except that, under the new conditions, the energy eet &ee by the 
combination of the zinc takes that form which we call electrioity, 
instead i^ the other form we call heat ^uet as it was seen o<N3ur3 
with Mction, S 15), and is capable of maoifestdng itself by its 
magnetic, chemical, or calorific efiects, thus furnishing the thiee 
uatntal divisions of the stady of dynamic electricity. 

100. The conditions under which the energy takes this form are 
a development of those pointed out in § 29, but more plainly 
evidenced. The fundamental cundition is a complete circuit of 
molecules, and the whole of conducting substances ; where the 
electricity is developed by chemical action, part of the circuit must 
be a liquid, an electrolyte ; that is, a substance whose molecules will 
readily assume the condition of polarity, and break up into two 
distinct parts, and one which will givo up energy in the act. 

This action occurs under the iiuQuence of the zinc, which, as it 
attracts the sulphuric radical, turns the hydrt^en half of the 
molecule away from itself and by dimioishing the internal attrac- 
tions of this first molecule, disturbs those of others, if there be this 
complete chain provided along which the force can act ; if not, the 
hydrogen simply escapes, and the heat is at once set free. The 
actioncaube traced by the ordinary chemical symbols. Zn+H^SOt 
must evidently first become Zn + SO^H^, then ZnSOj + Hj. The 
atoms of hydrogen are now what is called nagcent, but they instantly 
form a free molecule, takiiig np and reudeHng latent that portion of 
beat or energy necessary to convert them into a gas ; but before this 
process is completed they are in a condition of great activity, and 
eager for combination, but as they are surrounded only by moleoulee 
the nature of which they wonld not change, i.e. hydrogen com- 
pounds, they are compelled to become free, but where this complete 
circuit of molecules capable of polarization and discharge is pro- 
vided, this action is deferred ; molecule after molecule is decomposed, 
and the hydrogen is not set fi-ee until it reaches a point at which its 
noicent energy is powerless to effect a decomposition, and thus in 
the combination under examination it reaches the copper plate 
before it becomes &ee ; it does not do so at all if it can help it, for 
if a reducible metallic salt is present at the copper plate, such as 
sulphate of copper, it displaces the copper, which fixes itself in 
turn upon the superficial molecules of the metallic plate, to Trhich 
the polarizing force is ti-ansferred ; in fact, that action occurs which 
in the conditions absorbs the least amount of ene^y. 

loi. These two processes furnish us with a natural division 
of generaters or batteries into two classes: (i) Those in which 
the hydrogen gas is sot free ; (2) Those in which the hydrogen is 
not set bee, bat displaces some other substance; and Ihis latter 
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class consists of two kinds, those in whioli one liqnid fulfils all the 
■ leqnirements, and those in which two separate liquids are required, 
kept apart by a porous diaphragm or partition. 

Before examining these various forms, it will be as well to 
explain various terme as to which there is mach confusion in many 
minds. As the action commencoB at the surface of contact of the 
zinc with the acid, the zinc is called the positive metal or element : 
and hence the order ai polarization originatod there in the liqnid is 
snoh that the positive or + ends of the molecules are turned from 
the zinc, and consequently all the negative ende, which are the acid 
radicals, are turned towards it. This also corresponds with the 
terms -of static electricity, and shows the wire united to the zinc 
plate and called its pole, in the some electrical condition aB the 
rubber of a glasB electrical Toachiue — or n^ative. The action 
paBsiug through the liquid to the copper or otJber collecting plate 
polarizes its molecules with their — ends to the liquid, and their + 
or positive ends towards its wire. Hence we have the zinc, the 
positive metxd, plale, or element, hut its wire, the negative or — pole ; 
the copper is the negative plats or metal, but the wire proceeding 
from it the positive or -{-pole; Fig. 39 shows this, together with 

Fig. 39, 




one series of the reactions shown in their successive stages. Line 
I exhibits the arrangement before action, the molecules indifTerent, 
the shaded part representing the + or metallic or bagic element or 
half ; the white being the — or acid half. In line 2 we see the 
molecnleB polarized under the attraction of the zinc ; in Kne 3 the 
resulting discharge, the whole chain simuItaneouBly breakiag up 
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d^e atom of zino forming a molocole of zinc snlphate ; and at the 
other end of the «hsin, the tno atoms of hydrogen, which are 
equivalent to one of zinc, are set free, when they satisfy each 
odier's attractions, and together form a gaseous molecule of hydro- 
gen. ThiB step being reached, polarization a^in takes place, the 
moIecnleB mahing a Bomi-revolntion, and resuming tlie position of 
line 2. It will be seen that this view of the action involves two 
exertions of force at each stage, first the mechanical semi-tevolatioQ 
of the moleonles on their axes ; and, secondly, the overcoming the 
chemical attraction within the molecules ; this latter also involves 
two separate actions, the actual disruption, which occurs only as 
to one molecule of the chain, and the temporary dismption and 
re-forming of all the other molecules in each chain. Tlus is indi- 
cated here because it presenta itself, and because the more clearly 
these various principles are seen, the more thoroughly the subject 
will be mastered. These various actions cause the intomal reslBt- 
ance of batteries, while the energy given up during the interchange 
of zinc for hydrogen in sulphuric acid is the source of the 
electromotive force. 

loa. That this condition of polarization or strain tending to 
dismptioii really does occur in this case is manifest, because 
although actual disruption can only happen when the whole chain 
is composed of conducting materiala, yet the tension which tends 
to produce it exists exactly as in tiie cases studied under static 
electricity. If the two wires are connected to a delicate electro- 
scope, the two plates wiU be found to exhibit electric tension 
exactly as if they were connected to a machine. This indicates 
the existence of the complete dhain, the air or dielectric between 
the plates of the condeuset being polarized ; connect the plat«s by 
a conductor, and discharge and current are produced. 

103. In all forms of galvanic generators tiiere are a set of general 
principles involved which, once understood, explain the uses and 
values of each form. 

Electrical operations, like mechanical ones, consiBt of two 
distinct parts, (i) The generatioa or collection of energy &om 
some source. (2) The application of thai energy to effect the 
desired purpose, and this latter is divisible into two ports, that is 
to say, tlie conveying the energy to its work, in which process it is 
portially expended, and doing the actual work. Be the work we 
have to do what it may, one universal law govems all ; we must 
expend in doing it energy equivalent to ue work and all the 
operations incidental to it;, under no circumstances will the work 
do, or help to do, itself; this may seem a mere truism, yet the vraut 
of understanding it costs this country many thougands every year. 
Economy, that is true practical working, consists in obtaining the 
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ueces^aiy energy at tlie lowest cost, imd in avoiding all loss in 

applying it when obtained. 

Thue, in ordinary mechanice, it ie neceseaiy to select the cbeapest 
fuel, the best furnaces and boilers, then to avoid loss of heat in the 
steam pipes, or undue friction in the engine and connected 
machinery : at every stage there is room for a wise understanding 
of principles, and a due application of them. Electrical operations 
ore perfectly analogous and require similar attention. The battery 
or other motor represents the boiler with its fuel, the conducting 
wires replace the steam pipes, and the work to be done and appa- 
ratus for doing it are the analogue of the engine and the machinery 
it may drive ; while the steam itself, with its capacity for bearing 
pressure, and thus conveying the energy derived from the com- 
bustion of the fuel, strongly resembles the electric "cortent," with 
the various tensions which set it up and give it power. 

We are thus led to the three fundamental eipressions employed 
in the laws of electricity known as Ohm's fonnnlie, viz. electro- 
motive force, resistance, and current. It is upon a clear under- 
standing of these, in a perfectly definite form in place of the 
confnsion of the old vague terms " quantity and intensity," that 
sound and economical working must be based. 

104. The esplanation of these terms will bo found §§ 198-204 ; 
at present we have only to resume the cousiderntion of the general 
relations of matter and force at the point to which §13 had reached. 
The various relations then described are^jwrfectly definite, and the 
greatest advance of modem science has been the doctrine of 
Correlation of Force, the understanding, that is, that these forces 
have definite values and are capable of mutual exchanges of equal 
values, jnst as we exchange notes for gold, silver, or copper coins 
of eqnal value. 

105. The form of energy which gives most definite ideas to the 
general mind is mechanical exertion, the lifting of a weight. 

The uenal nnit for measurement for mechanical energy in this 
country is the foot-pound, that is to say, the work expended in 
lifting a pound weight one foot against the force of gravity; and 
as all the different forms of work or energy (ire interchangeable in 
definite or equivalent values, from this unit we can ascertain tho 
corresponding value as heat or as electrical action, in a form more 
definite to most minds than the special units. Svery conceivable 
action, therefore, may be expressed in foot-pounds ; so also every 
effort made, every action performed against any resistance, requires 
a definite expenditure of so many foot-pounds of energy, every 
chemical action either produces or absorbs its own definite value ; 
and it may be stated in broad terms that every act of chemical 
combination gives ont energy, and every act of chemical decom- 
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position absorbs ot requires energy to be put into it. Thus, when 
we burn any substance, we get energy given out as heat ; when we 
want to reduce or uabum a substance, as in obtaining a metal from 
its ore, we must put back that heat into it, and we must put back 
exactly the same heat as it woald give up ia burning. 

io6. Combustion ie the union with oxygen at a rapid rate, but 
in principle it is simply a cheniical combination, and all combi- 
nations obey the same laws ; each individual combination gives out 
a definite or specific amount of energy, and to decompose that 
combination, exadh) ikai tame energy must be put back into the 
elements of the snbstance. This is what is effected by the chemical 
actions of the galvanic current. 

Carbon, when burnt in oxygen, gives per lb. 1 1,328,000 foot-lbe,; 
hydrogen, 47,887,000 ; and coal, which is a compound of these, has 
a similar theoretical value, of which, from the various sources of 
waste, only about one-tenth appears available in the steam engine, 
and much less, again, in actual work done. . Zinc burnt in oxygen 
gives per lb. about i ,845,000 foot-lbe. 

107. But if any real knowledge is desired we must dismiss pounds 
from our consideration, because we must go to nature for our 
knowledge, and nature employs no pound weights in her operations, 
she uses only atoms, molecules, and equivalents, as defined §S ^'i 3, 
to which definitions we must now add individual exactness, that is 
to say, we must consider the quantity of matter which nature puts 
into each of her atoms, that is, the atomic weight and the valency 
(§ 6) of the atoms of each element ; for the relation of electricity to 
matter, its passage through, and its effects upon, various substances 
are absolutely linked to, and wholly depenideut npon, the atomic 
weights of the varions substances, upon the valency of the atoms, 
and upon the consequent construction of the molecules of each 
distinct substance. (§ 9.) 

lOS. Gravitation acts upon matter according to its mere mass, 
without relation to its nature ; or, more truly, weight, our measure 
of the quantity of matter, is due to gravitation ; but heat, electricity, 
and all the forces which act within matter rather than externally, 
have a selective power : they act differently on different forms of 
matt«r, and upon examination it is found that these forces act, not 
npon mere masses, but upon the atoms and molecules of which the 
masses are built up ; their actions are related to the atomic weights 
and the valency of the several atoms. Thus a pouad weight of iron 
would require twice as much heat to raise it to a certain temperature 
as a pound of silver would, but equal quantities of beat would raise 
to the same temperature an atom of iron 56 and an atom of silver 
loS. Tliis relation is called the specific heat of substances, § 196. 

But when electricity passes through solutions of these two metals, 
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an entirely different oondition arises. It would require just twioo 
as mnoli corrent (or twice the time with equal current) to deposit 
%6 of iron as it would io8 of silTer: the reason is that the i atom of 
iron has two valencies, or stands chemically (in ferrous salts) in 
place of 2 atoms of hydrogen, while i atom of silver is equivalent 
to I of hydrf^en. Thus it appears that heat is absorbed by matter 
in the ratio of its atomic weight, while electrio onrrent passes 
through matter in the ratio of its cAemieal valettey. 
. Bat matter has another relation to enei^ in the form called 
chemical affinity : is this aspect each order of combination of each 
kind of atom possesses its own energy, which bears no known 
relation to any others : this specific energy is a matter for experi- 
ment in each case (§ 253) ; but die energy given up in the act of 
combining (which may be measured either as heat or ae electric 
action) bears an exact relation to what is called the afSnity of the 
atoms forming that combination ; to break it up we must apply a 
force eqnal to that a$nity, and this fa^t means simply the law 
already mentioned, that in order to separate the atoms we must 
give back to them exactly the energy they parted with when 
uniting. 

109. We may therefore ccaiceive of substances as consisting of 
molecules built up of two parts, which are called radicalt in 
chemistry and una in Faraday's electrical nomenclature. There 
are many substances contatmng several radicals, but we are not 
concerned with them electrically, as only those substances which 
can form or break up into two radicals are electrol^s, or give 
passage to electric currents. Those radicals may bo similar atoms, 
as in metals, or they may be dissimilar atoms or radicals, as in salts: 
all that is to be attended to at present is the type or skeleton of 
matter as related to electricity, and the giving to thia such a definite 
form as shall enable the actions to be understood. These two 
constituetit radicals are variously named, as 







BasylouB 


Chlorous 


Cation 


Anion 


Basic 


Acid 



Hydrogen Chlorine 

Metals Sulphuric radical. 

Yarions snbstances act as either radical, according to what thc^ are 
united with, but in the electric current the radicals belonging to 
the first column turn towards the negative face or plate, and the 
second column towards the positive face or plate. 

no,-7«jhyGt.)t>*^le . 



GALVANIC BATTERIES. 85 

The two radicals are beld together in a twofold manner : 

(i ) By the valency of the radicals themselves ; § 6. This con- 
etitntes the several classes of monobasic, hiboaio acids, &q. 

(2) By the specific energy of the individual substance. 

Each of these bonds has a distinct electrical relation. The first 
governs what is called " quantity," and its actions ; it otmstlttiteB 
what has been called the " equivalent of electricity," § 253. The 
second governs the tension needed to enable the current to pass 
when decompositiou has to be effected, and is the basis of the old 
ideas of intensity. A purely mechanioal representation will fix 
these ideas, bat it must be remembered that this alone is its object, 
not to give a material conception of actual molecules. 

Let ns, then, typify the molecule as consisting of two, parts held 
together by spiral springs ; the number of the springs corresponding 
to the valency of the radicals, and the etrength of the springs 
corresponding to the specific energy of the puiticular oompound. 
We sludl thus get : 

Fio. 40. 



t™i)te 



Bat either the one or other of these single radicals may be replaced 
by separate atoms of single valency corresponding to one of Fig. a 
or 3, as shown in Fig. 4. Thus Type i represents the onion of 
single monad atoms, sach as metallic silver, Ag.Ag., hydrochloric 
add, HCl, common salt, NaCl. Type a represents mefallio copper, 
zinc, &c., and sulphates of those metals, C11SO4, ZnSO^. By 
regarding the 4- radical as composed of two distinct monads, as in 
±a, it represents the sulphate of sodium, NajSO^, sulphuric acid, 
HjSOf, and corresponding substances; or by regarding the— radical 
as similarly divided, it includes the chlorides and nitrates of dyad 
metals, as zinc chloride, ZnCl]. The same applies to all the other 
classes. 

no. The atomic weights are purely relative; the;^ ^VV^7 ^ 
proportions only, whether grains or tone ; bat if we give tnem a 
fixed meaning these molecnlar types give ns the most perfect 
possible unit of electric quantity and cnrrent. Let ns consider the 
weight as taken in grains ; then taking hydrogen i grain and i 
valency as our base, we have the anit of quantity as that necessary 
to set free from combination i grain weight of hydrogen or i atom 
of any monad, or to do equivalent work in any other atom ; thns 
iron 56 grains, or zinc 65 '2, would reqnire two units of quantity 
to set them free, or would famish two units themselves while 
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disaolviiig. To convert this into " current," time hae to be taken 
into account^ and for convenience of calculation I take ten houis. 
Then we measnre electric carrents by i grain of hydrogen, or 
equivalent action in ten hours. This unit, from its source I call a 
"ohemic," and throughout this work this is what is meant by a 
unit of current, while tbe torm unit of any aubstance means the 
qnantity equivalent to this current as shown Col. VI. of Table XIII., 
§ 253, for elementa, and more generally in Col. V. Table V,, § 167, 
The convenience and importance of these units will be seen in the 
fiicilitiee they give for estimating the work and cost of batteries. 

111. The galvanic cell must be regarded for some reasons simply 
as a section of the conductor conveying the current ; and as the first 
law of the circuit is that the " quantity," " current," or equivalent 
chemical action, is equal at every part of the circuit, the battery 
obeys this law. In each cell an electric equivalent of zinc is dis- 
Bolved by an equivalent of acid for every equivalent of metal depo- 
sited, or other work done which requires a " quantity " equal to 
that of one unit or chomic current, no matter whether the action be 
fast or slow. " Quantity," then, means merely the equivalent of 
chemical action — the passage of energy along one of the chains of 
affinity, § 109. By this means we can calculate the cost of every 
kind of chemical or other work, knowing the rate of current to be 
maintained, and ascertaining the electromotive force needed to 
maintain it under the given conditions. For this purpose I have 
drawn up Table T., § 1 67, which is used in the calculations relative 
to the different cells. 

1 1 2. The force generated by a chemical action depending on the 
degree of the affinity at work in that action, that generating sub- 
stance is best which has the greatest attraction for the radical of 
the acid, but practical considerations limit ns to iron and zinc as 
the cheapest ; both, however, have the drawback that they maintain 
their action whether we want the force they can give ub or no ; hut 
pnre zinc is, however, very slightly acted on, except when the con- 
ducting circuit is closed, while ordinary zinc is continuously dis- 
solved. The reason of this difference is by no means clearly known, 
though it is usually attributed to the presence of foreign metala. 
Betting np little local circuits ; and, therefore, this waste action, 
which contrihutee nothing towards the generation of current, is 
called "local action." It has been discovered that common zinc, 
whai amalgamftt«d with mercury, is not much acted on, and this 
seems to render this explanation somewhat doubtfal. However, a 
well-amalgamated plate is scarcely acted on in dilate sulphuric 
acid, but the presence of nitric acid, or metallic salts, entirely does 
away with the protection, which appears to depend chiefly on the 
adhesion of a film of hydrt^en gas to the snr&oe, which prevents 
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contact with the liquid. When the circuit is closed the hydrogen 
is transferred to the negative plate, and tho protection is removed, 
while the conditions of discharge bring fresh actions into play. 
Amalgamation also renders the zinc a better source of ©lectricily, 
as it is more positive than ordinary metal. Zinc should always.be 
well amalgamated for use in cells with acids ; it is of less conse- 
quonco in presence of saline solutions, and in DanieH's cells it is a 
disadvantage, § 131. 

113. AuALGAUATioN. — ^Care should he taken to use only pure 
mercury; much of that sold contains lead and tin, which are mis- 
chievous. The inercnrj should be kept for some time in a bottle, 
with dilute nitric acid over it, and occasionally shaken up. To 
amalgamate zinc, wash it first with strong soda, to remove grease ; 
then dip it in a vessel of water containing one-tenth of aulphuric 
aoid, and as soon as strong action takes place transfer it to a dish 
(snch aa a fwup plate) ; poiir mercury over it, and rub it well till 
a bright silvor-like film forma ; then set it up to drain on edge, and 
before use rub off any globules which are set free. Whenever the 
zinc shows a grey granular surface (or rather before this) bmsh it 
well and reamalgamate, remembering that saving of mercury is no 
economy, and free nse of it no waste^for it may all be recovered 
with a little care. Keep a convenient-sized jar or vessel solely for 
washing zincs in, and brash into this the dirty grey powder which 
forms and is an amalgam of mercury with zinc, lead, tin, &c., and 
forms roughnesses which reduce the protection of amalgamation. 
This washing should be done whenever a plate is removed, and 
never less than onco a day if in regular use ; the fibre brushes sold 
at 3d. and 4^. as coarse naU-brushes are excellent for these pur- 
poses, but of course must not be left soaking with acids. Let the 
powder collect for a time and then transfer it to a bottle, in which' 
wash it with sulphuric acid first, and then with dilute nitric acid, and 
yon will recover the mereury ; or the dried powder may be miied 
with a little salt and distill^ over from an iron retort into water. 

114. Boiled zinc should always be nsed in preference to cast. 
The latter is very hard to amalgamate, and has less electromotive 
power, but for rods for use in porous jars, and particularly with 
saline solutions, cast zino is very commonly used. In this case, 
great care should be taken to nse good zinc cuttings, removing any 
parts with solder on them, and using a little nitie as a flui, which 
will remove a portion of the foreign metals. 

Boiled sheet zinc, from one-sixteenth to a quarter-inch thick, 
suitable for cylinders and plates, costs about i^d, per pound. The 
simplest way to cut it to size is to scratch a groove with a steel 
point, such as a bradawl ; run first acid solution, and then mercnry 
along this groove, and allow it to penetrate ; then repeat the pro- 
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cess on tlie other Bide, when the metal is easU; broken ; it may 
bIbo be cut with a. handsaw. Zinc possesses a peculiar property of 
softening with a moderate heat, so that hard and brittle as the 
metal is, it can easily be bent up into small cylinders, if held in 
&Qnt of a g(X>d fire till too hot to handle with the naked hand, and 
then bent ronnd a piece of wood or metaL 

1 15. SuLFHUBio Aom.' — This is the most important excitant need 
in orainary batteries, and as it varies very much in quaHty and 
strength, it is desirable that its properties should, be onderstood. 
Beal O.V. oil of vitriol has a specific gravity of i ■ 845, and contains 
about 99 per cent, of the true acid (HjBO.) ; it is of a clear colour, 
and has an oily appearance : this is the acid always meant when 
Bolphnric acid is spoken of. Brown oil of vitriol is the ordinary 
product of the chambers, or this boiled down in lead pans, and 
contains variable quantities of acid. This is a question of price 
only, hut this acid often contains impurities of serious consequence. 

Brown eolonr may be due to dissolved organic matt^, straw, &c., 



Arsenic is often present, and must be strictly avoided, as it onites 
with the hydrogen given off, forming a deadly poison when strong, 
and being in any case injiirious to health. It is detected by diluting 
the acid, and passing a stream of sulphuretted hydrogen: arsenic 
forma a yellow precipitate. Another plan is to pat the dilute acid 
in a flask with scrap zinc, cloeing the flask with a cork in which is 
fitted a small glass tube bent at right angles ; a Bunscu's gas-burner 
or spirit lamp is so placed as to make a part of this tube red hot ; 
the gas carries off the arsenic and deposits it as a black film in the 
neighbourhood of this spot. 

Lead is often present as sulphate, and must be carefully removed, 
or it will deposit on the negative metal ; it is only necessary to 
dilute the acid in a separate vessel, allow it to cool, and filter it off 
before use. 

Nilnme acid is often present and wastes the zinc, by destroying 
the hydrogen film, but is otherwise of no consequence. It ia de- 
tected by mixing the acid in a test tube with two or three parts 
water; when cool drop in a crystal of sulphate of iron; if, as it 
dissolves, a brown colour is produced, there is nitrons acid present. 

The strength of acid used in batteries may vary fetm one- 
twentieth to one-tenth by measure of acid to water. 

T*BLB II,— Speoipic GsaviTr of Sclphcbio Aero. 

One-twentieth i'o55 ■■ ;o percent. i'i98 

Ooe-tenlh i-ioo .. 80 „ i'7o8 

One-thiid i'359 -. 9° „ i'Sot 

SO per cent i'jH8 ,, 100 ,, i'846 

to „ 1-43& 
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The third line is that etrength Tvhich has least reeiBtance, and 
may be ueed in voltainetere ; all the following lines are percentages 
hj weight. Very atrong acid cannot be used in batteries, as there 
must be at least water enough to dissolve the sulphate of ziuo as 
formed. A good soltttion is made by miidng i part by bulk with 
lo of water, which shonld be soft, as water containing lime is apt 
to form a deposit on the metal snrfaoes ; if hard, it ahoidd be 
boiled before use. loo grains by measure of such a solution will 
dissolve about li^ grains of oommeroial zinc ; bat it is bad economy 
to nearly saturate the acid, particularly if several cells are oom- 
'bined in series, as zinc is then pretty sure to be deposited on the ' 
lower part of the negative plate, which is thus destroyed for the 
time, and fcom which, as the zinc is pure, it is a troublesome pro- 
cess to dissolve it. But, allowing for impurity in zinc, local actii^ 
and a due proportion, or about one-fifth of free aoid left, one pint of 
this solution would dissolve about ij oz. of zinc. We may thus 
calculate the work a cell is capable of doing as about equal for each 
pint of solution to 24 equivalents or units, and the cost per unit of 
the single acid calls (line 37, Table V.) *043B of a penny, taking 
amalgamated zinc at 6d. per lb. 

116. As a general rule cells are nsed which are too small, and 
little regard is paid in proportioning them to their work ; this is 
no doubt dne chiefly to a want of consideration of canse and efiect, 
and to the work being seldom regarded as a definite quantity. It 
is impossible for a small cell to work regularly, because the liquid 
rapidly changes its nature. In double liquid ceUs care should be 
taken that the two are so proportioned as to contain the relative 
quantities of the two liquids required for the work to be done, so 
Uiat neither is mstod ; and Table V. will show what these quantities 
are. In some cases, for practical reasons, it is best for the elements 
to be in the form of plates, bat in many cells they are cylinders; 
and then the qnestlim arises, which should be the outer one, the 
zino or the negative ? This question may be put in another form : 
if the plates differ in size, which should be largest ? This has 
been a good deal discussed, owing to consideration being directed 
to only a portion of the subject. There are two good reasons why 
the negative metals should be largest, (i) The zino is subject to 
local action, or waste, which contribntea nothing to the work, and 
therefore its size should be reduced to just that amount which is 
requisite to maintain the current required. (2) The negative plate 
is' subject to "polarization" or deposit of hydrogen upon it, and 
should therefore be as largo as possible. 

After a great many trials, I have come to the conolusion that 
the best arrangement is one in which the negative element is a 
cylinder fixed within the containing vessel, in ttie middle of which 
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the zinc can be enspended. This is recotniuended purely on the 
foregoing practical reaaooB ; tbeoTotically there is bo difference in 
the force, or resistance, whichever arnmgement is adopted with 
cylinders : and the enlarged surface of a cylinder in groat degree 
compenBates as to resistance for its greater distance as compared 
with flat plates. Keither the size of the cell, or the sizo, form, or 
arrangement of the platea, has any relation to the electro jnQtive 
ftirce of the battery ; this being a fiinction only of the chemical 
action of the cell is the same with a pair of fine wires as with plates 
a yard sqnare. But size has a great effect upon the current the 
cell can produce, as it is a great element of the resistance ; bat 
this effect is exactly the same as that produced when a long, fine 
wire is used for a conductor instead of a short thick one. 

1 1 7, The simplest form of galvanic generator, and tbe one first 
devised, is the combination of alternate plates of copper and zinc 
Most electrical works employ a good deal of space, and many figures, 
in describing the varions forms devised by way of improvement, by 
Gmikshank, Wollaston, and others, consisting chiefly of the mode 
of arrangement in the containing vessels, the use of double copper- 
plates snrronnding the zinc, and such like matters ; the value of 
which has been entirely destroyed by further progress. But 
as the simple copper-zinc arrangement Is the most unsatisfac- 
tory form known, it is wasting time and space to describe such 
modifications; this conple calls for attention simply for the sake 
of principles. 

CoppBB AND Zinc. — When first a pair of plates are immersed in 
dilate sulphuric acid, and the wires connected to a galvanometer, a 
considerable deflection is produced, marking a powerful current, 
but even in a few minutes the efiect rapidly decreases. 

After a short time the copper is seen to be covered by a dark 
film, which it is commonly s^ted is oxide of copper, and the other 
metals contained in it. This is erroneous, however, for it is evident 
that oxides could not possibly form in the presence of nascent 
hydrogen ; it is really a combination of this hydrogen with the 
metal, and the diminishing power of the cell is due to the formation 
of this hydride or alloy, which prevents contact of the copper with 
the liquid, thereby increasing the internal resistance, while the 
afSnity of the hydrogen for the acid radical resists the polarizing 
power of the zinc, and therefore diminishes the electromotive 
force of the conple or cell. See § 262. 

Pure copper, as deposited by the electrotype process, has a higher 
power, probably because of its purity, but also on account of the 
nature of its surface, which is covered with innumerable fine points, 
from which the hydrogen is given off more readily than from a 
smooth surface. Hence, if a copper negative plate is to be used, it 
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shonld have a, doptsit of copper formed on it. The rapid failure 
of power will be observed in Table IV., § 1 66. 

iiS. Iron and Ziso.— Ifoq has often been recommended as a 
negative element because its surface keeps clean. Its force is very 
low, as will be seen § 26'; ; and also in the table of experiments, 
§ 1 66. The reason of its eurface remaining clean is mainly that 
the acid acts upon it as well as on the zinc, and thus causes much 
waste. StiU, its oheapness may tempt some to use it ; a very un- 
wise economy. For this reason it should be stated, that wrought 
or rolled iron is alone fit for use, as the presence of carbon in cast 
iron sets np local actions. 

iig. Lhad has been recommended; but a glance at Table IV. 
will ^ow its worthleasness. 

120, SiLVBB AS Nboativb. — This acts very well, especially if a 
thickieh deposit is formed upon a thin sheet, so as to obtain a rough 
surface. Such a coating may be deposited on copper, but deposited 
metal is always porous, and the acid is always found to act upon 
the copper ; this is the only drawback to a plan often suggested, of 
making negatives of copper-wire gauze plated, which otherwise 
makes an excellent negative: it should never be left in the acid 
when out of action. 

121. Platdjizbd SiiVBB. — Smee having sssnred himself that 
the nature of the surface was of the greatest importance, and that 
the hydrogen is more readily given off from a rough surface than 
a smooth one, and also bearing in mind that platinum has the 
highest electromotive force of all the metals as opposed to zinc, 
deposited this metal as a fine black powder on the surface of silver, 
and the cell with this as the negative plate, which justly bears bis 
name, is one of the most valuable gifts ever made to electrical 
science. In its usual form it is of simple construction ; the silver 
sheet is held in a saw-out down the middle of the inside surfaces 
of a wooden frame, of which the top and bottom bars may be ^ in. 
thick, and the sides -I, the wood being well-baked and soaked in 
melted paraffin before putting together by the usual mortises and 
tenons; a sheet of zjnc is held on each face by means of a brass 
clamp with a screw, which presses tbom against the frame, and 
carries also the binding screw for the connection, that for the silver 
passing through a hole in the top bar, and being soldered to the 
silver ; the zincs should be narrower than the silver, in order to 
give free escape for the gas. For large works the sheet is fre- 
quently Ssed upon a hoard, so as to use one side only, and is placed 
outside tha zinc. In this case a very good mode of connecting the 
zincs is to have a narrow trough containing mercury across the 
bottom of the cell, connected by means of a wire covered with 
cement, so that merely standing the plate in the trough connects 
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th« zinc ftt once, and also keeps up its Bmalgamfttion : a hai §lioiild 
be piovided in the upper port of the cell foi the sine to lean 
AgaiDBt. Each zinc, for regular working, should be in the form of 
at least two platee ; one of them can then be remOT«d and replaced 
by a fresh pkte without deranging the work going on. 

Subetitutea for silver have often been proposed, as eoppa^, lead. 
And an alloy of lead, tin, and antimony ; they are all wretchedly 
bad economy, and it shoiJd be remembered that the silver, eren if 
a little cofltly at first, has an intrinsic value of ita own, even when 
worn ont. £olled silver can be obtained ready platinized, or ordi- 
nary thin sheet can be lightly roughed with fine glass-paper, or by 
dipping in nitric acid, and the platinum deposited on it thna. 
Insert in a vessel with dilute acid, and connect it by a wire to a 
small slip of zinc in a porous vessel in the same acid ; in fact, 
mount it as a battery, but exposing at first only a mere touch of 
the zinc to the liquid ; drop in a few drops of platinic chloride, and 
>tir ; gradually a faint colour forms on tJie silver ; add more plati- 
nnm salt, and increase the zinc surface ; and after a good adherent 
coat is formed, gradually increase the action till tiie surface is 
&irly covered with a black coating, which touch as little as pos- 
sible. The platinum solution is nuide by dissolving scraps of thin 
platinum in a mixture of two parts of hydrochloric and one of 
nitrio acids ; the solution is very slow, and ie best effected in a 
flask with a loof; neck, in which ie insto-ted a test tube filled with 
water, and stood by in a warm place ; it is not necessary to drive 
off acid or to crystallize for this use, as the &ee acids are of no 



Even this cell, however, it will be seen SS aSi »nd 267, rapidly 
&ils in power, if worked with a foil current, owing to adbesiou of 
hydrogen. 

132. Cabbom and Ziso. — Mr. Walker suggested the use of 
graphite plates, and has used them in batteries for telegrapbio 
porposes ; it has'also been platinized, which increases its power. 
Owing to the greater resistance of carbon and its power of con- 
densing hydrogen, this combination gives a lower current than a 
silver plate of the same size, and has various inconveniences which 
render it lees economical in the end than silver. See § 14J. 

123. The osual form of any of these single liquid cells is that 
described for the Smee §121, but except for the cost of the larger 
negative it is more advantageous to make tliis a cylinder as large 
as the jar will contain. For ordinary or occasional purposes the 
best mode of construction is to use a jar or a wide-mouthed bottle, 
and place the negative element in it as a fixed cylinder with wires 
doming from it to support it, which should be well covered with 
guttapercha or cement (§ 130), and to these a binding screw shoold 
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be fixed. The opening Bhould then be closed with a piece of wood 
prepared by well baking and Boaking with melted paraffin ; in the 
middle ehwild be a hole which will jnet permit the zinc plate or 
rod to be passed in when required ; at other times this opening can 
be stopped to prereut evaporation. 

1 24. A similar anaugemeat can also be made with a porons jar 
aecnred in the top, and this may contain a saline solution to 
diminish action on the zinc. In tliis case, there mnst be provided 
an opening in the top, ontaide the porons jar, for the purpose of 
chaugiag the liquid and allowing gas to escape. If the part of the 
porous jar above the Uqnid be well stopped with paraffin, § i a8 
(or if metely a glass tube passes down to below the sur&oe of the 
uqnid), the cell in this form becomes an admirable voltameter, 
if a small tube ia fixed in the top to which a caoatchooc tube can 
be added to carry the gas away to be moasored. This construction 
is available also for use with a second liquid in contact with the 
negative plate, as the similar form described S 145 is available for 
nse as a single liquid cell. 

1 2 J. OdiU-and-ends Cell. — Smee proposed what be called an 
" odds-and-ends " cell, composed of a jar in which a quantity of 
mercury was placed with scraps of zinc : broken plates, even raw 
spelter might be used by floating them in the mercury ; a plate of 
platinized silver was then suspended in the jar and the aoid solution 
added. This has been tried by many, but for many reasons has seldom 
given satisfaction. It is, however, well suited to operations requiring 
a continued current, as the chief objection is the great local action, 
especially when so constructed that platinum can &11 on the zinc and 
mercury. The following modification, however, will be found nsefnl 
for working up scrap zinc, as it can be inserted in the liqnid jnst 
while roqiured. Take a vessel, sooh as an old porons jar, and 
pierce its walls with holes, or make one of gnttapercba, which is 
stronger ; the lowest inch or so is not perforated, as it is to contain 
mercQiy, to the bottom of which is plunged a stout copper wire, 
amalgamated at its end, but covered everywhere else with gutta- 
percha, and cemented to the side of the vessel, reaching to its top, 
where it is to be soldered to a binding screw which is the zino 
connection.- All the rest of the snr&ce is pierced with as many holes 
as possible, consistently with strength, to allow free circulation of 
liquid. It is then filled up with pieces of zinc, amalgamated and 
in as close contact as may be ; the whole acta and is used just as if 
it were an ordinary plate. The mercury is subject to little waste, 
but now and then Qie whole should be removed, well shaken np 
together, and repacked, and at times the mercury as it becomes 
charged with metals should be filtered by squeezing through a wet 
ahamois leather, the residue being pieserved and added to the 
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collection described § 113. This zinc cell may be naed either in 
any form of single acid cell, or in a Daniell or other cell, within a 
poroDS jar. 

A porous cell similarly fitted and either with or withont the holes, 
containing mercury in the bottom, may also be used in the bottle 
form described S 124; this allows all the connections of a battery 
to be arranged, and action set up at any moment by placing the 
loose zincs in the mercury ; if desired, all the zincs can be attached 
or hung to a frame or bar, suspended over the battery and lowered 
aU at once into their cells. 

The cost of such a cell working with zinc, worth at most jd. 
per lb., would be at most '0284 of a penny per unit. For opera- 
tions on a large scale, perhaps the best form is a cell like Fig. 42, 
§ 1 30, one side charged with zinc sulphate, having a layer of 
mercury at the bottom for the scrap zinc, the other containing 
the silver plate and acid, 

126. All the combinations described so far have two faults. 
(1) Weakneee. Owing to the force being largely absorbed by the 
escaping bjdrogen, their electromotive force is low, and any large 
resistance greatly reduces the corrent they can yield. {2) Want of 
Constancy, As shown by the rapid fall in the experiments, § 166, 
though this is in great degree overcome by largely increasing the 
negative surface. Constancy is a term frequently misunderstood ; 
it does not imply that a cell shall work for a long time, as that 
depends mainly on its size and the quantity of excitant supplied to 
it ; constancy means the furnishing of a steady equal current 
during the time for which the cell is at work. 

127. Two Liacm OBLLa,— For many purposes, constancy is 
essential, and it is desirable in all, hence continual efforts have 
been made to overcome these two defects, and with considerable 
success, though a really constant battery has yet to be discovered, 
notwithstanding the praises bestowed by manufacturers and patentees 
on several forms. As yet approximate constancy is only to be ob- 
tained by the use of two agents, one acting on the zinc, the other 
absorbing the hydrogen at the negative plate, and the success is 
greater just in proportion to the degree in which this negative plate 
and liquid can be kept in their normal condition, or at least, in an 
unchanged relation to conductivity and chemical action. Hence 
they all require a separating medium, as to which a few practical 
observations will be of value. 

12S. PoBons Jabs. — At first, animal membranes, bladders, ox 
gullets, &c., were employed. In some cases good paper is useful. 
In experiments requiring great resistance, glass tubes plugged with 
plaster of Paris, or even clay, are employed ; for small experiments, 
or for platinizing silver, the bowl of a tobacco pipe may be used. 
For practical porposes, however, nuglazed earthenware is the only 



materifti of any service, and it is now to be obtained in any form and 
nze. There are many qualities, and they mnst be adapted to the 
special purpose. These poroaa jars act only by the Uquid they 
absorb, and as they very greatly reduce the area of liijnid through 
which the action takes place, of coarse they greatly increase the 
internal resistance, and diminish the action (§ 232) ; on the other 
hand, there is no possibility of preventing some mixture of the two 
fiolalions thus separated, and this causes waate by local action 
besides affecting the regularity of the actions. Hence for long- 
sustained action a thick and close-grained jar must be used, while 
an open aad more porous one suits best for short periods and strong 
action. The most porous ones are of a red colour and soft material, 
the finest and most enduring are close-grained and white ; a good 
material is soft and may be scraped with a knife. The b^t test is 
to fill them with water and see how long it is before it forma a dew 
on the outer surface, if it runs off the jar is not fit for use. It is 
a great improvement to render the bottom, and still more the part 
which is to remain above the liquid, non-absorbent. If this is not 
done the salts rise up, efSoresce, crystallize, and disintegrate the 
jar. For the same reason jars taken out of the liquids must not 
be permitted to dry, but should be kept soaking in water to prevent 
their destruction. This is of particular importance with jars used 
for the DanioU's cell, as they are very apt to get nodules of copper 
deposited on them wberever the zinc has touched ^e inner surface, 
and particularly at the bottom, where drops of mercury or flakes of 
zinc fall, and thou the cell is very soon rendered worthless ; if this 
occurs, IJie spot of metal should have some cement or guttapercha 
laid over it, so as to render it non-oondncting. Some porous jars 
are glazed at the upper part ; when this is not the case they should 
be rendered non-absorbent by standing in a thin layer of paraffin 
kept just above its melting point, till this has been soaked up as 
far as is required. 

1 29. The Daniell's Cell. — This, the first devised improvement, 
is also the most successful attempt to obtain constancy. To it also 
we owe the discovery of the electrotype process, and all it has 
grown into. Its principle is, that copper, as the negative metal, is 
surrounded by a solution of a salt of copper,'which is reduced ; 
instead of hydrogen, copper is set free, and it is deposited on the 
negative surface, which is thus kept constantly renewed. The acid 
of the salt is transferred by electrolysis to the positive metal, through 
the porous medium, hence if a fresh supply of the salt is added 
to the solution to replace that removed, this part of the arrange- 
ment remains constantly in the same condition ; but still absolute 
constancy cannot be obtained, because as the zinc dissolves, the 
solution belonging to it becomes less active and less conducting. 
The great drawback to this cell is that the copper salt passes by 
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en^atmote into the zinc Bolutioii, and sets on the zino vhere tlie 
copp«F is deposited, and caases great waste by setting up local 
actions. It is to diminish this that a great Toriet^ of fonos have 
been snggeated, known by the names of the proposers and patentees, 
some of nhich are described below. A plan I haTe found to 
answer with large cells for long-continned experiments in which 
constancy was important, is to nse a larger porons jar outside the 
Kinc one, filling the space between them wiUi a strong solution of 
zinc Bulphate, and some zinc cuttings to decompose any copper 
salt entering ; the inner cell is thus kept nearly free, bat of course 
the internal resistance is somewhat increased. The ordinary form 
of the Daniell is shown Fig. 41, 
^^- *^- a the copper vessel fitted with a 

reservoir 6 for ' the crystals, c 
the porons cell, d the zinc rod 
suspended in it by a bar pass- 
ing through it. The part of the 
copper cylinder within the re- 
servoir is of conree perforated. 
Modes of constntction may be 
varied to any extent. Thus 
instead of a copper containing 
vessel, a glass or earthen jar 
may be nsed with a cylinder of 
sheet copper, or saoh a jar may 
J be covered inside with a film of 
s wax, blackleoded, and the de- 
! pcsited copper will form its 
I own snr&ce, bnt the first is the 
best plan, especially as the sul- 
phate of copper has a great 
tendency to climb up glass sarfaces, on which it crystallizes and 
finds its way by degrees to the outside. 

130. Instead of cylinders, fiat plates may be nsed in a vesael 
across which a plate of porous material is fixed, and this form has 
eeveial advantages, among others it is easy to make the cell itself 
serve as a depositing vessel by using models, seals, &c, in fact any 
object we wish to copy, as the negative sor&ce, by suspending 
these to a tod which forms the + pole of the battery. This is in 
fitot what is called the siagle-cell process of electrotyping. In this 
case the cell is best made of wood, lined with a resinons cement ; 
guttapercha may be need, but has the disadvantage of &cilitating 
the creeping process of acids and salts, which is troablesome and 
messy, besides causing loss of power by establishing paths by 
which the force escapes. Four parts resin meHed with one of gutto- 
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peTcha, and a small quantity of boiled oil, ftnewera perfectly ; the 
wood ^ould be perfectly dry and warm when it ie applied.* Such 
an apparatus is BhowQ in Fig. 42 ; a & ia the box divided by the 
porous partition (! ,■ c is a pl&ce for holding the cryetals; e and / 
are two bare of metal, to which are hang the objects to be copied 
and the zinc plate, and each is fitted with the necessary binding 
screw. Xbe bars being movable, it is easy to regulate the dis- 
tances, and so to control &e action, by altering the internal resistance. 

Fie. 42. 



This apparatus answers admirably for a voltameter .by using a 
light copper plate and weighing it after the conclusion of an 
experiment. {§ 190.) 

Instead of a fixed porous partition a flat poroos cell may be 
used to contain the zincs, so as to have copper on both sides. In 
tbis and in other cases a convenient connection to the zincs is a bar 
of wood crossing the cell with a deep channel in it to contain 
mercury or a tow of meromy cups let in it, all connected by stout 
copper wires to a binding screw at the end of the bar ; the zincs 
have a stout copper wire soldered to or cast in die upper end, and 
this is bent over so as to dip in the mercury, and allow the zinc to 
be instantly removed and exchanged. 

The Daniel! cell will serve as an approximate measurer of 
current by the solution of the crystals. As these contain one- 
fourth their weight of copper the quantity needed for a given work 
is easily calculated, and if this is put in the reservoir, when dissolved 
it will indicate the completion of the work ; for instance, if vre 
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detiiie to deposit ■ plate of copper of a oertain weight, wLen about 
four timee that weight of ciystale is diBBolved the proper deposit 
will be made ; any kind of work inaj be similarly reckoned hjr 
means of the E^uTalent system and Chemic unit of current. 

Many of the telegraph lines are worked by Daoiell's cells, fitted 
with plates in eeUs, either divided by a fiied plate or the zinc con- 
tained in a flat cell, only the side of which facing the copper ie left 
porouB, the others being emeared with tallow, &o., to diminish 
endosmose. Several of these are mounted in one box, provided 
with binding screws for making the necossaiy connections. 

Instead of a porous plate dividing the cell permanently into two 
parts a row of common porous cells may be used, so that the zino 
may be partially removed for cleaning, &c., one at a time, withont 
mnch affecting the current; such cells may also be distributed 
about among a nnmber of plates or objects, in order to aeenre 
equal distribution of the action. 

131. The fluid surrounding the zinc maybe the usual acid, or 
where rapid action is not needed, common salt, or sal ammoniac, and 
other substances are used, or for telegraph purposes, pure water ; 
in these cases the zinc need not be amalgamated, which has thia 
advantage, that any copper reduced on it does not combine, bnt 
causes less local action, and is more easily removed, by means of a 
hard brush. The local action in this case is only that due to this 
endosmotic salt, but when acid is used a much greater waste is 
cansed, as the copper on the zinc sets up local circuita, and causes 
the acid also to act npon the zinc; it is also more difficult to 
remove the copper as the reduced metal is fixed by the mercnry. 
The best solution to ase when constancy is desired is a half sata- 
rated one of sulphate of zinc, which is kept in proper condition by 
occasionally removing a little and replacing with water. When 
a battery is required only at intervals, the zino solution should be 
emptied into a jar with a few scraps of zino to reduce any copper ; 
excess of zinc should not be added, as zinc has the little known 
properly of acting npon its own sulphate and producing an in- 
soluble basic Bol^ which however redissolves on heating with a 
little &ee sulphuric acid. 

133. The theory of the action of the sulphate of copper cell is 
easily explained as an extension of that shown Fig. 39, § loi. 
If we consider the two molecules to the right of the porooB 
partition to be sulphate of copper, 
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The last line bKowb that what occnrs ie that an artom of zinS^ifjy °/7 
taken up and one of copper displaced, that the source of the force"""— ^ 
is simply the dif^euce hetireen the affinity of snlphoric radical for 
zinc and copper ; the acid Berree only as a conductor, as it will be 
seen that there is the same quantity afber action aa before ; the force 
jrielded is -equivalent to the heat zinc would give while precipi- 
tating copper from its sulphate, and is really the difference between 
the internal force neceaaary to the existence of sulphate of copper, 
and that bound or latent in snlphate of zinc. It is probable also 
that it ia only at the last molecule that copper snlphate forms part 
of the circuit if there is free acid present, but that does not ^ect 
the principle, which explains the action more comprehensively than 
the idea that water, or even acid, is decomposed, and completes the 
circuit, while the nascent hydrogen merely reduces the copper 
chemically. {See also Fig. 6B, § 281.) 

133. This form hoB been fully examined because of its import- 
ance, both practical and theoretical, and it only remains now' to 
show the cost of its working. In this instance, this is shown in 
full detail, and will serve to show how the cost of the other forms 
has been arrived at in Table YI. § 16B. 

Tfae local action will depend on the quality of the porous vessel, 
rate of working, &c, hut we may allow 5 per cent. We have then 
per nnit, by Table V. S 167, 

Line 24 Zinc unamalgamated ''^'95 

„ 9 Copper Sulp^te '0900 

Local action '°°55 



„ 8 Copper '0566 

of a penny .. '0^9^ 

This assumes that zinc sulphate is used ip the zinc cell and 
costs nothing, it being a product of the working. The reduced 
copper is taken at the common value, but if it is deposited in 
UHcful forms the actual cost of the cell will be reduced to nothing 
in many cases. 

134. Meidekgib Cell. — This is a modified Baniell with the 
copper cylinder inside and a reservoir of crystals in a flask, as 
there is no capacity for it in the cell. The flask is closed with a 
perforated cork, fitted with a glass tube, which dips below the 
surface of liquid in the cell, and keeps up the supply on the 
principle of the bird fountain. Such a cell fumi^es a small 
consttuit current for a great length of time, but is of course liable 
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135. A similar turangement ia sometimes used without a porons 
cell, and with the copper anaDged &8 a flat plate at the bottom of 
the jar ; the principle is that the dense solntion of the copper salt 
flows slowly oat and spreads over the copper in a thin film which 
is rednced before it rises, provided the rate of flow is just balanced 
to the work of the cell. For this purpoee a fnnnel filled with 
crystals may be used in place of the flask and a loose cover nsed to 
prevent too great evaporation : the zino may be a ring or plate 
suspended in the liquid at a height snoh as to remove it from too 
ready access of the copper salt. This is of course a modification 
of the principle of the Gravity Battery, § 157. 

1 36. Thx Minotto has been much landed ; it consists of a jar, 
at the bottom of which is a copper plate, fitted with a wire, this is 
covered with an inch of crashed snlphate of copper, and this again 
with a layer of silver sand which is to act as the porons division. 
Some use sawdast instead of sand, others paper palp, or felt, and 
each of these gives the name of its proposer or patentee, to what 
is a mere form of tlte Daniell, and all are liable to its defects ; they 
ore useful for some pm'poses in which a great internal resistance is - 
not an objection, but Uie copper inevitably finds its way to the 
zinc. 
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1 37. Callaud'8 Qbatftt Cell reaemblea these last in form, but 
trusts only to the greater specific graTity of the solution of copper 
sulphate tuid its slow solubility, to protect the ziuc The bottom 
of the jar is covered with a sheet of copper fitted with a wire con- 
ductor, upon this ie laid a stratum of crystals of copper aulphate, 
which should be large if a small curreat is want^, small when 
much work is to be done ; the zinc plate is suspended above and 
the jar charged with water, or a weak solution of sulphate of zinc ; 
it must of course be placed where subject to no vibrations or dis- 
turbance, and has been much used on account of its inexpensive 
coDstmction in the telegraphs, especially in Fiance and America, 
but has been little nsed for other purposes. 

138. Spieal Battbbt. — A form of the gravity battery has been 
patented lately which claims as its principle the separation of 
different liquids by means of a kind of repulsion set up by the 
electric current. The negative element consists of a stout wire 
wound in a flat helix, which ocoupies a position about the middle 
of the vessel, the wire then descends from the middle of this, 
either in a straight line or a spiral, and forms another helis 
spreading over the bottom of the vessel, from which it rises in a 
guttapercha tnbe to the top of the vessel, terminating with a 
binding screw. A tube or fnnnol may occapy tho middle of the 
vessel and contain a supply of crystals, and the zinc is a plate 
suspended in the upper piut ; it is claimed that the copper salt will 
not rise above the copper spiral. A similar arrangement is used 
with a current passed into it as a separator of liquids. All the 
turns of the wire are to be in the same direction, so that all the 
parts of the current are parallel. 

139. The n*[t great class of generators includes those which 
employ at the negative plate some substance containing oiygen in 
a state to be readily given up. The ingenuity of inventors has 
been much exercised in devising variations of (i ) the negative plate, 
(2) the oxidizing agent, this latter being either liquid or solid. 
The principles and qualities of the many different forms will be 
much better understood by keeping this classification in view, 
than by a mere description of particnUr forms. 

1 4D. Gbovs's Cell.— This was the first devised, and is for many 
purposes the best of its class ; the negative is platinum, which is 
usually employed too thin in order to save in first cost ; the form 
is not essential, but it is usually a flat plate, which ought to be 
corrugated vertically as this enables a largo surface to be exposed 
and makes the plate stiff; this is placed in a narrow flat porous 
vessel to contain the excitant, nitric acid, in quantity suited to the 
wiffk. The zinc may be a couple of plates, or a single plate bent 
so as to surround the porous jar at a distance of fOis <^ an inch. 
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Fig. 44 ehowB Uub cell in seotiim, and will aerre for many of its 
modifications. 



141. Buhbbn's Ckll ie the aame, with some form of graphite, 
nanally gas carbon, employed in place of the platinmn of Grove's. 
It also may be in the form of a plate, but ie more commonly a 
solid block in a cyUndrical porone jar, as in Fig. 45, which will 
eerre as the type of the circnlar forme. 

142. CABBONB.~The employment of carbon is attended with 
some difficulties which call for attention. Carbon is one of the 
most remarkable of the elements, possessing what is colled " allo- 
tropic " forms, § 8, in which, though chemically the same thing, its 
physical properties are different, with different relations to heat, 
electricity, and light ; such varieties are the diamond, charcoal, 
and graphite. It is this latter which is useful in dectrioity, either 
in its natural form of plnmbago ot blacklead, or the artificial 
deposit of gas carbon. It mnst be clearly understood that this 
substance is not coke; coke is the solid residne left after distilling 
cool ; the graphite comes from the gas, the rich hydrooarbonB <rf 
which ore decomposed by contact with the heated retort, on which 
they form a shell ; it is, in fact, a great nuisance to the gas maker, 
as it arises from the destruotion of the richest gas, injures the 
retorts and wastes the heat; in the gas works it is «^ed "scurfing." 
The densest and hardest is the best for electrical use ; it should be 
almost non-absorbent, and ring like a metal when struck, and have 
a clear gtey colour, not black. It is ratlier costly when good, 
because of ihe great difBculty of working it. 

The best mode of cutting carbon is that employed by stone- 
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oatterg, by meanfi of a piece of iron, sharp eilver sand, and water ; 
important elemeDts of the process are time and laboni, for the 
material, if good, is very hard to work, 

143. The chief dif&culiy with carbon ie making the couuection 
with it ; this is commonly done by simply fixing a clamp on it, in 
which case a piece of platinum onght to be interposed between the 
two Burfacea. A better plan is to deposit copper on the npper part, 
and then solder the connection to it, as this gives continnons 
circuit ; the copper takes on it jnst as it would on a metal. There 
is one drawback to this, the same in fact which requires the 
plfltinom interposed in Uie first plan ; the acid both creeps np the 
surface and soaks into the subatance, and then acts on the copper 
and destroys the connection. The following plan, however, I have 
fonnd a perfect protection against this. Heat the end of the carbon, 
and touch the part jnst beyond where the copper is to extend to 
(which shonld be about half an inch from the end) with « pieoe of 
paraffin, taking care it does not run np the part to be deposited 
on ; should it do bo, it may, however, be driven off by strong heat ; 
when cold, cut a few scores in the surface to give a hold to the 
copper, and drill a hole through, in which fix firmly a copper wire 
projecting on each side ; now, with a warm iron, spread a good 
film of parafBn from the line of the intended coppering as far 
down the carbon as the part to be immersed in the liquid of the 
battery when working. Connect a wire to the carbon by a screw 
damp, and insert in a copper solution, arranging at first for a qnick 
deposit to prevent entrance of moisture into Uie pores of the carbon. 
When a good deposit is made, drill a few holes right through 
ccmper and carbon, soak in water to remove any absorbed copper 
salt, and dry it thoroughly. Now tin the part to which the binding 
screw or connecting wire is to be soldered, and stand the carbon 
with its coppered part in a vessel of melted parafBn, jnst -as 
described S 118, tiU its npper part is well saturated, the holes 
being intended to ensnre this. When the connection is soldered a 
coating of paraffin may be spread with an iron over the copper, 
and all parts of the carbon not intended to be acted on by the 
liquid. No cement is of any use for this purpose, parafBn alone 
resists powerful oxidants, snch as nitric acid, and it is equally a 
protective against cauetio alkalies. 

144. Abtifioial Cabbonb.— Plates or blocks may be built np 
from powdered graphite mixed up with coal tar or strong rice 
paste, into a stiff dough, which shonld be dried, heated, then 
packed in powdered carbon in a dosed vessel and heated to clear 
red for some time. When cool they should be soaked in strong 
syrup of sugar or treacle, again dried and treated as before ; this 
process most be repeated until the carbon is perfectly dense and 
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strong. In this way ore made cylindrical veesels, left somewhat 
porouB to hold the acid and act the twofold part of porons jar and 
negative plate; many of the plates and blocks in batteries of 
French make are thns made, and work fairly well, but tmder some 
chemical reagents they break np. 

Battery plates, &o., are also made of plnmbf^ crucible material, 
hnt this soon disintegrates. Fanre's Battery is made of ibis material 
in exactly Uie form of a ginger-heer bottle, this oontaina the acid 
under a presanie caosed by the gases given off, which are retained 
by means of a graphite stopper ground in, which also serves for 
the connection of ^e cell, being fitted with a binding screw. 

143. CouposiTi Gbaphitb Battebt. — A very convenient cell 
may be built up on tite syst^n described § 124. In the middle 
of a jar stand a potons cell, and outside this, one or more strips of 
carbon prepared as S 14} : then pack the space well with pieces of 
broken graphite, cover with a ring of wood or pasteboard prepared 
with paraffin, with apertures out in it for tiie carbons to pass 
through, and fitted with a large tube for supply of liquid, and a 
smaller oa the opposite side to allow air to enter and gas to escape : 
on the top of tliis run in any cement, such as resin and brickdnst, 
to secure the whole. In this and in all cases where cement ia 
intended to adhere to glass or earthenware, these should be first 
warmed np to a point just enough to melt the cement when rubbed 
over the suriace. 

This cell may be used with any liquids, it does not polarize 
quickly on account of its lai^e negative surface, therefore it is 
pretty constant, but it has considerable resistance owing to the 
imperfect conducting power of the caibon when thue merely in 
contact.* 

146. Inos, Ac. — OthOT materials have been employed, as lead or 
iron. Cast iron haa been strongly advocated under the name of 
Gallan's, or the Maynooth cell ; a very few words will sum np 
their qnalities. They are worthless. If anyone wishes to lose 
his temper and his money he can use an iron cell with every pro- 
spect of success. They waste the acid, which at some unexpected 
moment boils over ; in fact they have every evil quality without 

* The conducting power of ciirbon ia mnch below that of metals, and aniike 
■ them it riBBs with tiie temperature. Matthiessen gives the following values Com- 
pared with silver as 100 1 

Purified Caylon graphite o"ci69J 

Gas coke .. .. o'a;B6 

Buneea's batter; coke 0*0146 

It ia sometimea used as a Tesistance measure, small glass tubes beiui; filled with 
powdered graphite. Mr. Phillips has likewise devised a measure for very high 
resistances, made by drawing iead-penoil linea upon ebonite and other suitable 
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one ledeemiDg point. The fbroo ie oal^ three-fonfthB of carbon, 
so it reqnireB four of them to give b current equal to that of three 
Grove's and Bnnsen's ; and as the iron is acted upon, this, and the 
equivalent of the costly nitric acid, is wasted. 

147. It is difflcolt to state exactly the reactions which take 
place in the nitric acid cell, as they are continually varying with 
the strength of the acid. HNOg may lose one atom <rf oxygen, 
becoming HNOj nitrons acid, under two units of action which 
provide H, to form H^O water : but one atom of hydrogen is 
equally able to take up one of oxygen together with thie hydr«^^ 
of the aoid ; thns HNO, -|- H becomes H^O + NO, ; or the same 
reaction taking place with the residue (nitrous aoid) of the first 
case, HNO3 + H becomes H^O + NO. In each of these cases the 
work done electrically, by one atom of acid would bo diflerent. 
The principal action which really occurs is the first and third com- 
bined, HNO3 + Hj becoming aH^O + NO, and acoording to this, 
one atom of nitric acid is effective for one and a half eqnivalents 
of electrical action ; or to express it practically, though not in the 
true chemical language, two-thirds <^ an atom is the equivalent. 
This action is, however, complicated with others, for the acid is even 
totally deoxidized and converted into ammonia to some slight extent. 
Owing to this and to the loss l^ evaporation or carrying away of 
acid by the escaping gases, and by leaki^ throngh the porona cell, 
and the impossibility of exhausting the acid, the full atom HNO3 
mnst be regarded as the equivalent. Hence the oost of working is 
' 1570 of a penny. 

The internal resistance is very low, so does not waste much 
energy. It also diminishes during the first part of the action 
while the gases are being absorbed by the acid. 

148. Stebnqth of Nrraio Acid. — When we buy nitric acid we 
only get a solution of it, vEirying very much in actual strength. 
The following table shows the strengths of different qualities and 
the qnantities of each representing an electric equivalent. 

Table III, — Nitbio Acm. 
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1, is the absolnte theoretical acid, called the ist hydrate formerlj. 

2, is 2HXO + 2HjO, formerlj the and hydnte. 

5, is 2HNO3 + jHjO. This is the strength to which boiling 
bnngs both stronger and weaker acids and distils unchanged at 
348° Tahr. 

4, is the strength taken in the table, § 167. 

6, and thereabouts, is donble o^ua/orfM, and abont 7 is wagle 
aquaforlia. 

149. Saline Soldtions are sometimes used in the zinc cell, but 
this is bad economy, as it results in the solution of the zinc being 
really affected by the nitric acid, of which therefore doable qnantity 
is nsed. Bat sach eolations, and preferably a half satnrated 
solution of zinc snlphate may be nsed if the equivalent proportion 
of solphnric acid be added to the nitric acid in the porona cell. 
Ad acid is sold at a low price under the name of dipping acid, 
which contains a good deal of sulphuric acid, and this may be 
advantageously employed in the porous cells. 

150. AlkaiiIse ffmiATES. — Several of the variations of the 
nitno acid cell are based on the use of the nitrates of soda or 
potash in place of nitric acid ; nitrate of ammonia, even, has been 
employed, but it is eipensive and has no sort erf compensating 
advantage. When a solution of these nitrates is mixed with 
sulphuric acid, a reaction takes place by which the base is divided 
between the two acids in ratios depending on the relative propor- 
tions present; hence results a solution containing a proportioa of 
tree nitric add which acts in the usual manner, while the remaining 
nitric acid is only set ft«e as the action of the battery proceeds. 
Nitrate of soda is the best, it is cheaper by the pound, its equiva- 
lent is lower, and therefore the pound does more work, and it is 
very much more soluble, and therefore a much more active solution 
is obtained. It is not, however, generally known that water when 
fiiUy saturated with one of these salts will still dissolve nearly as 
much of the other as though it were pure water, and thus the 
strongest solution is made by dissolving both the salts together. 
With nitrate of soda at 2d. per lb., the cost of the atom of nitric 
acid obtained &om it in the cell is '04^6, against ' 1096 of the acid 
itself at ^d. per lb., but while this latter contains 14-5 units in 
1000 floid grains, the nitrate of soda solution would contain about 
6' 5, and therefore require much larger porous cells. But the 
great drawback is that it gives less force, as may be seen § 268, and 
the internal resistance is much greater than with nitric acid. 

151. SiiAteb's Ibon Cell. — In almost all the forms of battery 
iron may be used in place of zinc for the dissolving metal, but 
owing to its lower electromotive force, and other practical reasons, 
it is seldom employed ; however, Mr. Slater has introduced a form 
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of cell in which iron as the negative metel is combined with tha 
nse of nitrates as the oxidizing agent, and which may he of use 
where it can be BO placed that die fomee from it are not injnrions, 
for though less than in other cases, these are still given o^ and 
render it objectionable in a confined space. 

Its construction needs no detailed description, as its only difier- 
enoe &om the Bunsen is the substitution of iron for zinc, a plate or 
block of carbon being in the porous cell, which, in this case, ought 
to be of large dimensions. The solution is nitrate of soda, saturated 
at ioo° Fahr., and 2 equivalents of sulphuric acid added for i of 
salt dissolved, which brings the specific gravity to about 1 568. On 
cooling, a quantity of sulphate of soda fa-ystallizes out. 

At starting, tbe outer cell is charged with water, to which is 
added a small proportion of the solution to render it condoctiug, 
and set up the action, which is then kept up by electrolysis and by 
endoamose, though it is to he observed that the liquid passes scone- 
what rapidly into the inner cell, the liquid in which stands at a 
considerably higher level than in the outer ; the action is maintained 
by removing a portion of the inner liquid at times, and adding &esh 
solution, BO that there is little waste. The power of this oell is 
considerable, and its cost • io85 of a penny per unit 

152, BioHBOHATE ofFoTABH, — In ordcT to overcome the nuisance 
of nitrous fumes, various substances yielding oxygen have been sub- 
stituted, and this is one of the most commonly employed. Its price 
varies from Sd, to i«. per lb., according to that of potakb. It is not a 
true twofold acid salt, like bisulphate of potash, and its formula is 
variously written as K502Cr03, or KjCrjO,, making its atomic 
weight on the new notation 39; ' 2. Four atoms of sulphuric acid 
(98 X 4 = 392) unite with this, and the result of the reaction 
when effected in a battery and completed, is the production of 
chrome alum, and j atoms of oxygen, the abstraction of which, by 
the nascent hydrogen set free by the reaction of 3 more atoms of 
acid upon zinc, is the cause of the action considered apart &om the 
preliminary action of the sulphuric acid on the Bait itself, which 
does not affect the ultimate result. Thus omitting the extra water 
required for the alum, 

KjOrjO, + 4H,80« = TIcFiSO^ + +H,0 + 301 

3Zn + 3H,S0, = 3Z118O. + ^UJ^^ ^■ 

165 194 483 6 I 

In this notation, = 16, and the electrical unit of oxygen being 
8, this quantity of salt is equal to 6 units ; that is to say, its own 
equivalent or unit is 49 ' z ; or for convenience, and to allow for 
impurity, say 50, which, quantity requires 66 by weight, or 38 by 
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measure, of snlphuric acid to effect its own dooomposition ; if in 
tlie same solution is to be proTided the acid to act on the zinc,. an 
additional equivalent is needed, making the quantity for each nuit 
of work 115 grains by weight, or 66 by measure. 

Owing to the insolubility of the salt, the solution is weak, a pint 
being only about 25 units, therefore a large porous cell must be 
used, unless, as is better, the zinc is placed witluu. The nsnal 
directions for preparing the solution are to dieeolve 3 ounces of the 
salt in a pint of water by aid of heat, and when cool, add one- 
twelfth its bulk, or 2 ounces of sulphnria acid, hut this is erroneous ; 
it only supplies the first 4 equivalents of acid, and though given for 
single cell bichromate, is ouly suitable for a double cell, in which 
acid is used besides to dissolve the zinc In order to utilize the 
salt completely, a nearly equal quantity of acid should be added, 
when the action becomes sluggish ; if added at first it causes too 
great local action, and this is always very greut. 

In a double fluid cell, the best plan is to add of acid one- 
seventh of the bulk of saturated solution, and to use the sulphate 
of zinc solution with the zinc. The resulting chrome alum is 
generally thrown away, though it is a valuable salt in dyeing. It 
is a nuisance in the battery, as it crystallizes upon the carbons and 
in the cells ; if saved it must be left to evaporate spontaneously, as 
heating the solution spoils it. 

One thousand fluid grains of saturated solution at 62° Fahr. 
contain 2*16 units of salt, and require 83 or 143 fluid grains of 
sulpharic acid, according to the plan adopted. The cost of working 
as a two liquid cell is • 1 320 of a penny per unit. 

153, NiTBic Aom WITH BicHBOMATB ov Potash has been highly 
spoken of by some writers aa giving a constant current and no 
fumes. It is quite true that the constancy of the current is much 
improved, but after a little time the fumes are given off; the 
reactiou is simply the reoxidation by the bichromate of the reduced 
nitric acid. Still this plan is useful where a strong current is 
requited for a given time, as for producing the electric light. The 
solution recommended is a saturated solution of bichromate in 
nitric acid, with one-third volume of sulphuric acid added, and 
just enough water to rediasolve any chromic acid precipitated. 

154, BroHBOMATB Single Cbll.— This consists of two plates of 
carbon, with one of zinc between them, fitted so that it can be 
raised out of the liquid. Of late many of the shops have small 
bichromate cells without this fltting, the intention being to let the 
cells go on working to exhaustion ; it is therefore desirable to warn 
readers against using such cells, which are most extravagant and 
unsatisfactory. Used for the purposes to which it is suited, the 
bichromate cell is one of the most useful ; it furnishes a most 
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powerful cnrrent for a Tory short time, it is therefore admirably 
adapted for short experiments with induction coils, aa it gives a 
greater force than the nitric acid batteries, and has no nnpleasant 
fames, while it can be set aside for weeks and be ready for action 
at any instant. Bnt for long-anstained action it is ntterly useless, 
as its force &ils very fast. The simple action of raising and 
lowering the zinc, hoivever, instantly restores it. The reason of 
this is that there is no circnlation in the liq^aid, owing to no gas 
ooming off, and the motion' of the zinc stirs the liqnid np. Thus 
by setting up the battery in a thin glass vessel te which heat can 
be applies by a gas burner, I have maintained the current in full 
even flow until the whole liquid was exhausted. Many plans have 
been tried to remedy this defect, especially by French makers, as 
Grenet's plan of forcing in a stream of air in small babbles, so as 
to keep tiie liquid in active circulation ; others cause the liquid 
itself to circulate through several cells. But the ordinary form 
will be most generally useful, as shown in Fig. 46. 



F^ 



The containing vessel is usually a glass bottle enlarged into a 
globe below ; the object is merely to hold a lai^er quantity of liquid, 
and any form of vessel will answer. The essential part is the top 
which carries the plate ; this is best made of ebonite, but hard 
baked wood saturated with paraffin will do ; in the centre of this is 
screwed a projecting brass tube split at the top to grip the rod 
carrying the zinc which slides in it : the foot of this tube also 
passes through a plate of brass extending on one side of the cover 
to the negative binding screw. This sliding pert is often trouble- 
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some, OB Uie surfacee tamiBh and make bad contact ; they elionld 
be well gilt to avoid tHe, and some attach an open spiral of wire 
to the lower part of the rod and to the tube, so as to make a fiied 
motallic ciicuit independent of the sliding one ; others attach the 
binding screw to the top of the sliding rod. It is desirable to 
form a screw thread on tlie top of the tube, and fit to it a nat, by 
tightening which contact is improved, and the zinc firmly held np 
. when not in action ; also a sqaare tube and rod are better than 
round ones, as they keep the zinc always parallel with the carbons. 
The zinc is commonly fixed to the rod by means of a screw on the 
end, but it is far better to solder them together. I was once 
greatly troubled with an irregular battery, which would not keep to 
its work, though I pulled it to pieces and set everything right, as it 
appeared, and after great trouble traced the whole fault to this 
point ; acid had found its way into the thread of the screw and 
entirely destroyed the connection. The carbons are secured to the 
cover by means of two angle pieces or brackets of brass or iron, as 
shown {a. Fig. 46), and these brackets are connected to the + 
binding screw. The oonnectiop is thus one of simple contact, and 
with a porous carbon it is common for aeid to find its way np 
between the surfaces and destroy the contact. This may be 
entirely remedied by the plan described in § 143 ; and the upper 
part of the carbon being coppered the bracket may be soldered 
to it, and perfect connection ensured, and protocted by a covering 
of paraffin. 

It is impossible to estimate the cost of working this cell, because 
the local action in it is so great, and this being nearly constant 
while the zinc is immersed, or when frequently removed, its propor- 
tion to the work actually done will be less as this is greater, 
greatest that is when thore is great resistance ; for the average of 
working it is probable tbat the cost may be taken as ' 3000, or half 
as much again as given in g 152. 

A very convenient form of this cell is used as a battery and 
commutator combined, for such purposes as beUs and other 
appliances requiring a momentary current ; the zinc and its rod is 
supported by a spring, spiral or otherwise, and is pressed into the 
liquid 'When the current is required ; on relieving the pressure the 
zinc leaves the liquid, and cuts off flie current. 

15s. D^LAuaraB's Czu.. — This is a modification of the bi- 
chromate; its purpose is simply to obtain a somewhat stronger 
solution for the porous cell ; the lai^r cell itself, ead plates, with 
other details of construction, are mere matters of arrangement, and 
equally applicable to other solutions. All the remarks made as 
to the bichromate cell apply equally to this ; its force is the same 
aa nearly as possible, so also is its rapidly ^tiling ooirent The 
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added solte add nothing to tlie work ; they only take oxygen from 
the bichromate and reaerre it in a more soluble form. 

The Bolntion comuste of 300 ports water, 54 bichromate of potaeh, 
45 golphate of iron, ;o sulphate of soda, and 94 by meaattre of 
Balpbmic ticid, added in the order given. 

The ooBt per nnit is '1971 and 1000 grains contain about 
z'7 nnits, instead of 2* 16 with the simple bichromate solution, so 
that the small advantage gained of the solution lasting a little 
longer is obtained by increasing the cost over one-third. 

For nse in the single cell the proportions vary somewhat &om 
the above, but the result is the same. 

156. Chbohatb or OAiionm, FiTzasBAnn ANn Mollot's Cell. — 
This form, lately introdui«d, is likely to become an important 
electrical instrument. There is a par^cular construction adapted 
to high resistances, in which the carbon plate serves the donbla 
purpose of a diaphragm and the element, but the principal matter 
is the substitntiou of the chromate of calcium for the bichromate 
of potash ; lime being cheaper than potash, the salt can be sold at 
a cheaper rate and without fluotnation in price. Its oonstitotion is 
CaCr04 - 155, but it also oontains i atom of water, and allowing 
for 3 per cent impurity its weight becomes 1 80 ; and as this gives 
3 equivalents of oxygeu, the electric equivalent is 60 ; the price ia 
taken at 7^., but it would probably he 6d. when regularly nutde for 
a considerable demand, as may arise if the salt is used, as it 
probably will, as an oxidant upon a large scale in the arts, to 
replace the potash salt. 

When mixed with the due proportion of sulphuric add part of 
the 4^oium is thrown down as sulphate of lime, leaving dihydro- 
chromate of calcium in solution, which gives up the rest of its base 
as the action goes on ; this salt being more soluble than the bi- 
chromate of potash the action of the cell is mare prolonged, and 
the solution has the great advantage of not crystallizing. 

The electromotive force is the same as that of pure chromic acid, 
and the greatest of any known excitant, varying from 2 volts to 
2 - 07, Bccordii^ to qualities of the carbon. 

The reaction is 

3Zn 4- aCaCtO, + 8HaS04 = 
jZnSO, + CrjjSO^ + aCaSO,. 

This represents 6 units of work, and therefore the coat is * 1240 
of a penny per unit. 

One of the great features of this cell when nsed on the large 
scale is that the products have a value which would reduce this 
cost greatly, as ^e residuary solutions can be readily converted 
into various valuable chrome oolonra. 
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The cell iteelf is arranged to give a large negative Bor&ce by 
OBiug a serica of carbon plates monnted in a ring of lead, forming 
the cover of the cell, and enrroonding the porous cell for the zinc 
in the middle ; it is of conrae available for use with other excitants. 
Bach as the bichromate of potash, or as a single acid cell if 
desired, as the enlarged sur&ce oonslderably increases the action as 
compared with other forms. 

157. Ibon PKBOHLORiDE.^ThiB has been employed in batteries ; 
its action consists in undergoing a reduction to ferrons chloride, 
and the object aimed at was the regeneration of this by absorbing 
oiygen from the air, so as to maintain an inezhsnstible- oxidant. It 
has the same drawback as the bichromate battery in rapid failnre, 
and its force is also low : there are, however, cases in which snch 
a combination might be useful, and it will form a single cell with 
iron as positive, and work to eibaustion if &ee acid enough is occ»- 
sionoUy added and the excess of liquid removed. 

Peroxide of Iron might be employed for similar leasons, instead 
of and in the same way as the manganese peroxide § 15S, but it 
gives only just half the force of the latter. 

158. Fbboxide or Mangakbsr Battebt. — Yarions peroxides 
have been employed to surroi^d the negative plate and farnish the 
oxygen. Peroxide of lead is the most powerful of all, and conse- 
qnently a battery in which this is used gives a very high electro- 
motive force ; but it is costly, and has never been used except 
experimentally, and the peroxide of manganese is the only one of 
thrae substances practically useful. Its employment was first 
suggested by De la Rive, many years ago, but the difficnltieB which 
soon present themselves to those who use it have prevented it 
ooming into common nee ; on the other hand, it has many good 
qualities, which have led recently to its quiet appropriation by 
several trading makers, and it has been patented under the name 
of " Leolanch6 " cell. For cases requiring a large current, as in 
plating, or for magnets or coils, it is absolutely nseless ; for a small 
occasional current, ou the other hand, as for ringing bells, house- 
hold signals, &G., it is one of the most useful forms ; though the 
statement made by sellers that the cell je calculated to work for 
" three years " is, of course, pure nonsense. Like every other form 
it can yield a current equivalent only to the quantity of material 
used in it, which will be exhausted in a greater or loss time 
according to the work done. Ita duration depends upon two 
things— the quantity of the excitant and the quantity of the 



The work any manganese cell can do will probably be to furnish 
me nnit of current for each 1 50 grains of manganese put in it. 
The peroxide of manganese, otherwise binoxide, is on the atomic 
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notation, MnO, = S7 ; two of these atoms enter into the reaction 
producing Mn^Oa sesqnioxide of manganese, and O one atom of 
oxygen; and, as this oiygen is 16, while our electric unit ia 8, it 
follows that the atom of peroiide is also tho nnit, as 87 of it by 
weight yields this 8 of oxygen ; bnt thia ia the pnre sabetance, 
while the commeroial manganese contains often a large percenti^ 
of impurity, bo that ic>3 ia about the nnit: in addition to this, tia 
no solution occurs, the action takes place only on the surface of 
the particles into which the material is dirided, and hence a con- 
siderable portion may escape action ; it is therefore impossible to 
fix upon any quantity as the electric nnit ; it may range &om 
100 to 200 grains or more. The peroiide is a good conductor ; the 
resulting sesquiozide is not a conductor (and the same ia the case 
with the corresponding lead oxides), hence the action tends to 
diminish : and a main object must be to spread the material in as thin 
a film as possible over a lai^ area of conducting surface. This is most 
readily accompliBhed by crushing carbon into various sizes, from a 
pea down,, and packing the larger pieoes tightly in a porous jar, in 
layers, so that the particles are in firm contact among themselves, 
and with a plat© or bar of carbon, which forma the main plate or 
conductor ; the finer grains should be mixed with three times their 
bulk of manganese abo in fine grains and sifted in among the net- 
work of large pieces : the fine powder has to be sifted oat, becanse 
it resists the penetration of the liquid. The result of this arrange- 
ment is to expose a very lu'ge suriace which compensates for the 
inherent slowness of the action itself and reduces the iutranal 



A very small surface of zinc is sufBcient, and it generally is one 
or two small cast rods or rolled strips suspended in the onter vessel. 

This is the usnal arrai^ement, but it is far better to reverse it, 
and put the zino inside the porous vessel, making the battery up 
exacUy as described § 145, with the manganese added as above. 

i<9. Thx ExoiTAira.— Either common s^t or sal ammoniac is 
employed, thongh others will answer. - It may at first sight seem 
difBcnlt to say why sal anmioniac at 6d. per lb. should be used if 
common salt at 3 lb. per penny will answer ; but as a couple of 
ounces of the chloride of ammonium will charge a cell, such as the 
ordinary Iieclanch^, and do the amount of work for which alone it 
is properly fitted for several months, the question of ectoiomy 
dwindles to a very small matter against the higher electromotive 
force the ammonium chloride gives over that furnished by the 
sodimn chloride. The reason for this higher electromotive force 
is, that soda displaces ammonia from its salts, aod, of conrse, in 
d^ing so loses force ; therefore, when they are decomposed the 
•odinm salt has less to yield. In tho one case, canstio soda is 
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generated within the porous cell ; in the other, ammonia is set &ee 
and given off, while Uie soda remaining exerts a connter electro- 
motiTC force. The force is greatly incr«>eed by occasionally adding 
a little acid to the mauganeee cell to neutralize the alkali. 

I ba.Y9 fonnd the electrcanotive force at first starting to be with 

Sal ammoniac '"545 Tolts. 

Sulphate of ammonia .. i'493 » 
Common ealt i'26j „ 

Ammonium chloride forms donble salts with zinc chloride, and 
aleo with hydrated zinc oiide, and the latter eomponnd appears in 
the form of crystals npon the zinc and porona cells. The ciystals 
have the formnla ZnO, H,0, KH,C1. As they obstruct the action 
they should be removed with warm water containing a little acid, 
but they do not form so readily if a half saturated solution is'used. 
' The cost of the manganese cell is probably -2$ of a penny per 
unit for materials, bnt this is the least consideration becanee the 
trouble of charging is the real cost. 

As varione modifications of the manganese cell are claimed by 
rarions patentees, it may be as well to distingnish them. 

The LedanehS. — Manganese with carbon in a porous cell closed 
with pitch. Sal ammoniac the excitant 

QrenefB CeU. — The same with a bag substituted for the porous 
pot, and common salt as the excitant. 

Sighbm'i Cell. — The same with vEoions acids added occasionally 
to the manganese to absorb the ammonia. 

There are also slight modifications of form, which are however 
merely matters of constmction and first cost. 

I Co. SrLPH&TX OF Lead Battbkt. — In this we leave the prin- 
ciple of supplying oxygen at the negative plate, but we have an 
insoluble matter there. It has several forms. Originally the 
porous cell was filled up with the sulphate surrounding a metallic 
or carbon plate or rod; a patented modification consists of a stout 
copper wire, to which are fixed several saucers, also of copper, 
tinned, for holding the metallic salt and preventing its BoUdiiying 
in the porous cell, so that it may readily be replaced. This is, no 
donbt, a great improvement, thongh it is very doubtful whether the 
sulphate of lead battery is worth improving, as its electromotive 
force is low and its cost considerable, being '1736 of a penny 
per unit. 

As the cell has the merit of very fair constancy, and yields a 
large current for some time, it might be useful for some purposes 
if the residuary lead generated were used for its metal. It would 
work better with sulphate of zinc thui with salt, becanee salt 
dissolves the sulphate and carries lead to the zinc ; it also under- 
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goes a cnrioofi reaction by which sodium, set &ee nascent, appears 
to react upon a part of the sulphate and generate a enlphide. 

i6i. Thb Suuhatb of Mebodbt Cell. — This, which ie called 
fi^m its inventor, the Marie Davy Cell, is of use only in circum- 
stances requiring a small intermittent current of great force ; thus, 
as it gives no trouble, requires no care, and gives off no unpleasant 
fumes, it is very useful for domestic telegraphs, &c., but it is quite 
'Useless for employments requiring large quantity. Originally, it 
consisted of a porous cell, with a rod of carbon packed with the 
mercury salt ; then the porous cell was abandoned, and a peculiar 
arrangement employed, in which the carbon was at the bottom of 
the vessel ; but now it is usually a simple zinc and carbon pair, 
the latter of which extends to the bottom of the vessel and dips 
into a mass of the sulphate. The vessel is then charged with 
water, which dissolves a small portion of the salt slowly, and this 
tmstains the actijjn, the acid radical acting on the zinc, the mercury 
depositing on the carbon, from which it &Us and collects as metal 
at the bottom. The action can, therefore, only be sustained at the 
slow rate at which the salt enters into solution. 

There are two snlphates of mercury. The proper one is what 
used to be called the bisnlphate, now the mercnric snlphate HgSO^, 
with.the atomic weight 296. It is obtained by heating in an evapo- 
ratiilg dish two parts by weight of mercury with five to six of the 
strongest sulphuric acid until only a dry white powder is left. 
The cost of working is, allowing for the reduced mercury at 38. 
per lb,, ■ 5 J37 of a penny per unit, which is very high ; but for the 
special purposes for which alone ibe cell is useful this is of little 
conaeqaence, being compensated by the steadiness and convenience 
of the cell, which, imlike the manganese cell, i» easily replenished. 

162. Olabe's Mkbgubt Cell, — This is proposed by Mr. Latimer 
Clark, not as a working cell, but as a standard of electromotive 
force, to compare with other cells by means of condensers or elec- 
troscopes, it having, a constant electromotive force of i "457 volts. 
It consists of a layer of pure mercury as the n^ativo plate, con- 
nected by means of a p^tinum wire in a glass tube. On th'" is 
laid a paste of mercurous sulphate, which has been boiled in a 
thoroughly saturated solution of zinc sulphate ; tiie positive element 
is a plate of pure zinc resting on the paste. According to this, 
which is Mr. Clark's own description, the sulphate used in his 
cell is not the same as that employed in that last described, but 
the two are so commonly confused, owing to the changes in the 
atomic weights, &c, made of late years, tl^t I cannot say that this 
J8 really the ca.<w. 

165. OnLoniuE or Silveb Cell. — This is a wire or plate of 
olver, upon which chloride of silver has been melted as a coating 
o..„„.,ffi8oj;le 



•fiil ELECTEICITT, 

of " horn silver ;" it is used in & aolntion of zinc cHoride, and is 
employed mainly to work small pocket coils for medical purposes. 

Bat the chloride may be nsed as a powder, in the same way as 
the sulphate of mercury in the Marie Davy, or it may be mixed 
with powdered graphite, and used in a porous cell with a plate of 
carbon. As chloride of silver is produced on the large scale in re- 
fining and other metallnrgical operations, and has to be redaced 
for ^e sake of its metal, it would appear that where it can be 
obtained at a trifle less than the value of the silver it contains, a 
very economical and powerful battery might be thus produced. 

1 64. There are many other forms of the galvanic cell ; many 
useless ; most mere modifications or forms of those described. 
Others have great scientific interest, but do not come within the 
objects of the present work. Such is Grove's gas cell, in which 
oxygen and hydrc^en are in contact with platinum plates dipping 
in an acid solution which sepaiHtes the gases, and act the part of 
the metals while recombining as water ; this is, in fact, the volta- 
meter Teversed, and a voltameter with separate receptacles whose 
plates project above the liquid, will, when the decomposing cur- 
rent is cut off, act in turn as an electromotor and give up, in the 
form of a galvanic current, the energy employed in setting the gases 
free. There are very many forms of this principle, such as those 
which act by absorbing oxygen from the air ; of these, one of the 
most interesting is that proposed by Messrs. Gladstone and Tribe, 
who have made so much use of the electrolytic action npon snb- 
stonees of a copper zinc couple, formed by zinc on which pulvero- 
leat copper is precipitated from the sulphate. When silver and 
copper are connected in a solution of copper nitrate well aerated, 
the copper dissolves and cupreous oxide is deposited on the silver ; 
a similar action occurs in a solution of zinc chloride with zinc and 
copper. The native metal is arranged as a tray near the surface, 
perforated in many places and containing also cmmpled masses of 
the metal in foil rising above the liquid to fociliiate absorption of 
oxygen. In fact, every chemical reaction which takes place among 
sabstancee which conduct electricity can be mode to serve as an 
electromotor. For instance, if canstic soda or carbonate of soda 
is placed in a cell separated by a porous diaphragm &om another 
containing an acid, they unite through the pores ; and if a plate of 
platinum or of carbon be inserted in each ceU, the combination 
forms a galvanic generator having a force equivalent to the chemical 
affinities acting, § 250. This completely disposes of the theory 
lately revived, that the electromotive force is set up by the contact 
of different metals, § 259, for there is no sndi contact present; but 
the fact is that the chemical affinity alone supplies and measures 
exactly the electromotive force. This is also shown by the fact, 
that in a copper and iron pair, iron is the positive metal in acids 
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becanee it dissolTss ; but in sulphide of potafiaiam, which dissolrea 
copper, the copper is the positive metal. A similar reaction has 
b^ lately need by Mr. Fleming to illustrate this. CeUs oon- 
taining iiitrio acid are arranged alternately with cells containing 
sodium pentaanlphide, and the cells are connected alternately with 
bent strips of lead and copper ; in the acid lead is positive to 
copper, and in the snlphide it is negative ; so that a battery is 
composed, in which there is no contact of metals, and the terminal 
cells contain the same metal, which, being copper, gives also no 
onntact of dissimilar metals when the copper conductors from a 
galvanometer are connected. The combination is said to have 
one-fourth the force of a similar number of Daniell ceUs. It is 
not available for practical purposes, bnt has much theoretical and 
scientific interest. 

A plate of zinc and one of copper, or a bag of coke buried a 
little apart in moist earth, has been used under the name of an 
earth lottery, for driving clocks. This is its only use, and as it 
has a low force and high resistance, all that can be said in its 
fitvotir is that, once mounted, it is ont of the way and requires no 
attention; but any ordinary smtJl cell will do as much work. 

165. Abkangement of Batteeibs. — The laws which govern the 
mode of arrangement of a number of cells, in order to effect most 
work, will be found, §§ 244-5, 

In joining cells, care should be taken not to waste energy in the 
connections ; all points of contact shoidd be as large as possible, 
and be kept perfectly clean. This is often neglected in mounting 
batteries, particularly in Grove's cells, where the platinum is bent 
over and screwed to the next zinc; in all such cases the metal 
should be fixed to a thick plate of brass, so as to screw firmly to 
tho zinc. 

The connecting wires should be of good size ; and, in order to 
give some elasticity, should be wound in a spiral upon a small rod. 

Gore should be taken that the troughs, boards, &c., are quite 
dry, and that there has been no leakage or creeping of liquids 
fcom the cells, which causes short circuits and great loss of power. 
To avoid this, the jars should not stand directly upon a board ; 
bat a good plan is, to place two strips of .varnished glass edgeways 
along the troughs or stands, for the cells to be placed on. There 
is a convenient apparatus made for this purpose in America, for 
use in telegraph ofGces ; it is a fiat saucer with ribs upon its inner 
surface, and a funnel opening firom its middle. A series of these 
can be arranged in holes upon a shelf or board, with arrangements 
bdow to catch any drip ; tiie cells stand upon the ribs, and are 
consequently very completely insulated. The following figures by 
Mr. mgner, F.B.A.S., show the eSiscts of care, and exhibit also the 
power of the electric light. 
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Each line represents the light in candles given by 60 cells, under 
the different conditions, the size of the platinnms being 5x2^ inches : 

As commonly arranged i860 

With zincs carefully filed, &o. 2930 

Insulated on glass rods, &C 5360 

166. Work akd Constancy ot Gxlls. — Table IV. gives a series 
of experiments on cells, all in like conditions ; with plates a X i 
inches, set i inch apart, and with no external resistance, except that 
of a tangent galvanometer. Tiie first column refers to the § in 
which the battery is described. The currents are given in chemics, 
and therefore are proportional. In the cells with porous division, 
it will be seen the current rises at first as the liquids soak in ; in 
these cells, also, the current is reduced by the resistance of this 
division as compared with the single liqnid cells. 

Table IV. — Woek anh Cohstahcy or Cells. 



Copper zino . . 

PlWinized silver . 

Daniell'a 

BuDsen's 

Slater's 

Bichromate .. 

„ Single pell .. 





Ulnn 


.». 




Ho 


™. 


.. 1 ». 




.. 1 i. 


S-3 
4-9 

ri 


0-5 

V, 

Vi 


3-8 
1-7 

?■! 

9'4 


3-5 

•L 

T 
8-4 


3'3 

n 

7-t 
J '9 

J-8 


3- 

6-4 

7" 

4'i 



1 67. Table V. contains a list of the principal substances used in 
electrical operations, arranged to accord with the unit of "quantity" 
and of "enrrent" used in thie work, and explained § no, p.85, 
showing the amonnt of each required to act with the unit of electno 
quantity and current. The weight (Col. IV.) allows for the ordinary 
impurities always present in commercial articles, and applies to 
good commercial materials not intentionally adulterated. The 
price (Col. VI.} is such as the substances can be obtained at in 
the ordinary way (with the exception of the silver salts), and where 
a difierent price is paid the user can readily apply a correction to 
the unit cost (Col. Til.) in any calculations. 

Under the French system such a table would be &r more asefnl 
than our wretched confusion of weights and measures allows it to 
be, as the figures obtained for the small units would apply equally 
to the lai^est amounts used in practice, while in the English system"-^, 
one calcnlation is needed to convert grains into pounds, and then 
another to ascertain the cost of these larger quantitiee. 
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Tablb V. — ScBOTAMCxs Used m Ele(tbio Wobeino. 
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1 68. Cost of Battibt Woekiso. — The value and mode of nsitig 
the table of costs will bo seen from the use made of it ia the 
estimate of cost of working of the cells, § 133. These costa, 
however, are those of one unit of chemical quatUity which ie the 
equivalent of one chemio current kept up for ten honra. To 
ascertain the actual and relative costs in a form which permits 
comparison, we mnst include the consideration of the force pro- 
duced and required to overcome the resistance ; for supposing one 
nitric acid cell is required to do the work at a certain rate, it 
would require three Smee's to effect the same. The true mode of 
estimating the relative cost of different forms of cell is to reckon 
it, not per miit of current, but per equivolt of energy, which unites 
the two elements, § 257. This is obtained simply by dividing the 
cost per unit by the electromotive force (§ 364), and shows the 
relative cost for equal work done; even this does not take into 
consideration the element of internal resistance, which is lai^ely 
dependent upon tlie relative size of the cells. Another considera- 
tion which cannot he reckoned is the relative convenience of 
management, such as is afforded by the single liquid cells by 
dispensing with porous vessels. Table TI. shows the relative costs 
thus calculated in both systems. 





Table TI.— Cost of Baitebt Wobkiho. 
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169. The qnestlon is freqnently asked what is the best battery? 
The foregoing desoriptioil will show that no such thing eiista, hut 
that each form has its q>ecial qualities fitting it for particular 
operatiorts. The following classification will assist in the seleo- 
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Table TII. — Sottabilitt ov Cells. 
1, Names op BATTEiuEa. 
:. Smee. i 7. Lime chromate. 
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170. MBAStmBMSHT BT Maonxtisu. — It bos been already re- 
marked that tbere are tbree modes of ascertaining tbe strength of a 
galvamc cmrent, viz. by its magnetic, its cbemical, and its heating 
powers ; of these the first is the most convenient, becanse it inter- 
feres Tec; little witb tbe actnal passage or work of the current, 
and is open to inspection at any instant, and thns gives fall informa- 
tion as to any flnctnations which may occnr. Instnuuents for this 
purpose are called galvanometers. They are based on the principle 
that a magnetic needle tends to place itself at right angles with a 
galvamo current. The reason of this is to be found in § 80. If 
over a magnetic needle at rest, and in the same direction, we place 
a wire, and through it pass a cnrrent entering at the southern end, 
the needle turns with the N. end to the left, or westerly ; if the 
wire be below, the needle turns to tbe right. If the direction of 
the current is reversed, that is, if it enters at the N: end, the 
actions are reversed. 

If tbe wire makes a turn round the length of the needle, it is 
evident all these conditions come into play at once, for the current 
entering at S. and passing abote the needle, when the wire turns 
to the lower aide, the current passes from tbe N., hence both the 
actions are the same and the needle is deflected to the left with 
double force ; eEich turn has a similar action, varyii^, however, in 
its amount with its distance from and position as rega^ the needle. 
Hence the reaction of such a galvanometer is very complicated and 
can only, be thorongbly traced out by elaborate calculations of little 
interest, esoept to pure mathematicians. 

The practical result is, however, that no definite value can be 
given to the deflections of an ordinary galvanometer by any means 
except direct measurement. People are apt to think only of the 
degrees of the deflection, and suppose a deflection of £0° to be 
double that of 30°, which is entirely erroneous. There are only 
two forms of galvanometer whose readings can be at once valued, as 
they are related in one to the tangent, and in the other to tbe sine 
of the angles of deflection, but even this is only relative, and one 
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galvanometer can only be compared witli another by an actual 
meaeuiement. 

The galvanometer deBoribed § 1 80 was devised in order to tEtke 
advantage of all the relations of currenta and magneto and to 
express all the desired information in definite and comprehenaible 

171. Galvanombtbb Nbedlbs. — These are frequently made too 
heavy ; the heavier they are the greater is their " moment of iner- 
tia," and the force required to move them, and the longer they are 
in coming to rest. The best material is watch or clock spring 
softened, in order to shape and arrange it, then hardened by heating 
to red heat and plunging in water. 

Long needles have most directive force and give more decided 
indications, bat take longer in coming to rest ; they are therefore 
b^t adapted to vertical galvanometers. Short needles- are less 
afiected by external magnetic disturbances and come quicker to 
rest. 

MagneUxtng may be effected by placing or robbing on the poles 
of a permanent magnet. Fig. 47 is an apparatus which will ba 
found very convenient. 

, Fig. 47. 



It is simply a coil 3 in. long, of silk covered wire, No. 20, wound 
on an oval cardboard core, and the numbers of layers increasing to 
the middle ; it is divided into two, and fitted with tnbes on each 
part to elide over brass rods, and the wire is joined in the middle 
by a flexible metal cord to allow the two parte to slide apart ; this 
allows double or astatic needles to be magnetized, by slipping each 
in torn into the coil, and passing a carrent from a bichromate or 
other powerfiil cell; a few seconds are sufficient, and with this 
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apparatas it is no trouble to magnetize needles at an; moment. 
Having ascertained which end of the wire gives N polarity to 
that end of the needle, it should be marked as shown, and always 
so connected ; there will then be no confusion as to the direction 
in which the needles are being monetized, and this is important, 
as the sonth end requires to be the heaviest before it is magnetized 
in order to balance afterwards. 

Sttspeneion, — For delicate instruments, the only satisfaetary sus- 
pension is by a silk fibre, or such a thread of silk as may be drawn 
from a ribbon ; hairs are sometimes nsed, bnt they offer a strong 
resistance to motion. The fibre should bo attached at its upper 
end to a sliding rod (in good instruments a compoond screw is 
used) which lifts without twisting the fibre. For ordinary iustm- 
mente with a single needle, an agate centre fixed above the needle 
ia need. Double needles may be suspended in a similar manner ; 
the t^te centre is first fixed in a thin braes tube by turning the edges 
lighfly ovcT it, the upper needle is then attached to it, if double by 
placing one part on each side, if single either by a bole opened in 
the middle or by donbling over the top and bringing down oa each 
(dde BO as to grip the tnbe firmly, and then tonching lightly with 
solder, or an indicator may be similarly fixed. The lower needle 
is made of two pieces of waf«h spring, one fised on each aide of a 
very thin light tube, the sides of which are filed away to receive it, 
the ends of the needles are then to be drawn together and soldered 
or riveted. The tube should be under ^ inch in bore and fit firmly 
upon or iu the upper tube carrying the agate, and when the two 
needles are exactly adjusted a touch of solder will fix the tubes 
togelher, or, if preferred, "the juaetion may be made by screwing. 
To adjnst tiie needles, a snspension point is placed upon a movable 
board having a line marked upon it ; one needle being magnetized 
the line on the board can be placed true "N. or 8., and the other 
needle or indicator being added, the tubes are moved slightly till 
the united system is correct. 

The Smngs of the Needle correspond to those of a pendulum, 
§ 98, and for the some needle always occupy tbe some time ; this 
gives a means of adjusting astatic needles to the desired delicacy 
and also of controlling the movements, for which see § z 1-6. The 
number of vibrations of a needle may be diminished or arrested by 
damping in various ways. 

(i) A plate of copper close to the needle, either as thedieJ plate 
or as the internal frame of the coils, checks the swings by the 
induced electric cnrrente set up in the copper. 

(z) A vane of paper or mica may be attached either to the 
needle or indicator. 

(3) A similar vane may be attached to the bottom of the wire 
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which eonnocts the needle to its fibre, to work in a chamber imder 
the coils ; sometimee this chamber containB mercmy or some 
lic^nid, Bnch ao glycerine and water, the effect of whioh is to canaa 
the needle to move slowly np to its point of rest without swinging; 
or the chamber within the coils may be so nsed. 

Indieatorg may be made of a tlun, hard drawn wire, alamimim 
being best, or of a thread of black glass, which may be drawn oat 
over a Bunaen's burner or spirit lamp, by heating a small rod or 
tnbe (such as a bagle) to fusion, and drawing the two ends rapidly 
bnt steadily away. A more correct indicator, having no weight, 
is obtained by attaching to the Bospending wire a mirror made of a 
circle of microscope glass silvered, npon which a ray of light is 
allowed to fall from a shaded lamp placed npon the continuation of 
the zero line of the instrument. The minor is attached to the 
wire, or in Thomson's reflecting galvanometer, to one of the 
needles, by shellac varnish, or by a cement snch as oottgnline. 

172. Astatic Nebdleb are a pair of needles fixed upon a wire 
or a tube, ae above described, with their poles in opposite direo- 
tions, so as nearly to neutralize each qther ; if perfectly adjusted 
they would have no tendency to assume any position whatever ; 
when very closely adjusted they do place themselves magnetic 
E. and W., but this is owing to the practical impossibility of 
filing the needles in exactly tiie same vertical and parallel hori- 
zontal planes. In practice it is necessary to make one of the 
needles so much more powerful than the other as to bring the 
system to rest upon the zero line ; the upper needle if made longer 
does this by its greater " moment." 

173. Maonetio Imtknsitt. — The acttial strength of the needle's 
magnetism has no effect upon the deflection except indirectly by 
the relative eSect of the resistances of the support ; two exactly 
similar needles will be alike deflected, though one be strongly and 
the other weakly magnetized. The reason is that the needle is 
afibcted by two forces, the effort of the current and the earth's 
mf^netic field, and these are equally reacted on by the needle itsell 
This applies only to single horizontal needles. A compound pair 
will deflect differently when strongly and weakly magnetized. A 
needle vertically sospended, and whose resistance to motion is 
caused by the eicess of weight in the lower part, will also deflect 
further if strong than if weak. Different needles, if difierent in 
length, will also be differently deflected by the same instrument 
and current. 

174. Stahd roB Galtanoketebs. — There is often some trouble 
in arrangii^ instruments so that the needle stands directly upon 
the N^. or S. or zero line, and many good galvanometers are made 
movable on an axis for this purpose. A revolving stand is, however. 
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a great conTenience for a variety of parposea. The bsBe ehould be 
of well-seaBoned wood, and fitted with three leveUing screws, and 
with a truly vertical taiB rising from its centre. Upon this revolves 
a Bomewhat smaller disc, whit^ may advantageonsly be carried by 
small wheels between the two bot^ds. At opposite ends -of one 
diameter there should be set screws to hold the disc steady when 
adjusted. The connections may be made to the instruments direct, 
bnt it is an advantage not to have these oonnections moved abont, 
and thereibre to make them to the stand itself. The binding 
screws for this purpose should be on the edge of the lower disc, 
and connected by stout wires to well-gilt springs, one on each side 
cf the axis, working in recesses cut in the wood. The lower side 
of the npper disc should have upon it a rouid block of ebonite, 
carrying on its snrface two gilt or platinum rings insulated from 
each other (upon which the lower springs are to press), and these 
are to be connected by wires let into the ebonite with two binding 
screws on the upper disc, or two flexible wires, by which connection 
is made to the inslfuments placed npon the stand, which may then - 
be moved as necessary, without interference with any connecting 
wires. By marking the edge of one of the discs in degrees of a 
circle and attaching a pointer or vernier to the other, this stand 
converts any form of galvanometer into a sine galvanometer. 
§ 177- 

175. Thb Tasqsht Galvanohbtbb is the simplest of the 
ordinary foiTos which give results capable of real measurement 
Its mathematictd, explanation is given in moat text-hooks ; here it 
is snfScient to state the principle. It is that if a magnetic needle 
is placed at the centre of a circular electric cnrrent, to whose 
diameter it bears a very small ratio, the tangents of the angles of 
its deflections will be exactly proportional to the quantity of elec- 
tricity circulating. The lu'ger the circle and the shorter the 
needle, the more absolutely tme this is ; however, a needle i inch 
long in a circle nf I foot diameter is correct for all ordinary 
purposes. In some instruments a wire is wound spirally npon a 
cone, the apex of which is the point of movement of the needle ; 
sometimes a coil is placed on each side of the needle, with power - 
of altering the distance. 

The instrament may be solidly built on its stand, but it is far 
better (as indeed it is with all galvanometers, unless the stand 
S 174 is used) to make its working parts movable around a fixed 
centre which carries the needle, as this permits of exact adjustment 
in the true magnetic If. and 8. line ; such an instrmnent is shown 
Fig. 48. A brass rod or strong tube is fitted with three branching 
feet, each having a screw at its extremity for levelling; over this 
slidra a brass tube, tight enough to be steady, bnt able to move 
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frofsly, and provided with a collar and set screw to hold it when 
adjaeted ; on this tube the uistrument itself is firamed. 



First there is fixed to it at Tight angles a table of wood or brass, 
a little lower and proportionately shorter than the diameter of the 
intended ring. The shape of thu is of no great moment, so that it 
is large enoagh in the middle to carry tiie graduated card and 
cover, bat it will be steadier if it tapers away from this to the ring. 
The ring may conaiat of a single band or rod of copper for powerful 
Gurtenta, or a flat band or stout wire may make several tnrna. The 
best plan is to make several circuits continuing in flner wires, with 
branches led out so as to give i, lo, lOO times the influence on the 
no,-7«jhyGt.)tJ^le 
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needle ; in this case the single turn most be in the middle of the 
wires to ensure perfect accnraoy. For instance, npon a pwtebonrd 
ring wind forty-five turns of No, ao wire, contiune with four of 
No. 1 6, then a single turn of copper plate ; next five turns of 1 6 
and forty-five of lo. These mnat be so connected that the cnnent 
eaters at the one turn of plate, and continues, always in the same 
direction, through the nine toms of i6, making ten, and then 
through the ninety of No. 20, making one hnndred ; &om each a 
wire is led to a commutator, which in the figure would be iqxm the 
lower table of the instrnment, and oonstnicted similarly to that 
shown Fig. 49, § 179. The leading wires of the single turn must 
be carefully arranged to secnre their representing a true circle, 
neither jnore nor leas. 

From the middle of the fixed central tube rises the point on 
which the needle is to be placed jnst in the centre of the ring. The 
needle itself should be i inch long, but provided with a very light 
wire or sheet metal indicator, which will lengthen it to 3 inches. 
For this purpose the best thing to use is aluminum, because it is 
the lightest metal, and is very stif^ and may be obtained in sheets 
of extreme thinness and rigidity. Snch indicators, if made of sheet 
metal, should be slightly curved lengthwise and also across so as to 
be slightly hollow, this gives great rigidity to the lightest metal. 
Of course greater sensitiveness is obtained by suspending the 
needle by a Abre from the top of the ring through a hole in the 
middle of the glass cover ; a mirror may also be used, placed in 
this case in the same direction as the needle ; the indicator also 
may be placed at right angles so as to be more easily read, and 
this has an advantage when the fibre snspension is used, as it gives 
four points by which the centrality of the needle is secured, and 
this is of course essential to accuracy; the eye mnst look along the 
indicator when reading the deflection. 

176. Taluing THi! DBFLB0TIOK9, — Any two or more deflections 
produced on the same tnttrameiU will have their relative values 
known by the law of the instrument, as they are related in the 
ratio of the tangents of the angles of deflection, but this does not 
enable the reading of differeni instruments to be compared. This 
requires the actnal definite value to bo known in some unit. 
TMb can be effected easily by means of the " chemio " nnit <^ 
current : set up the instrument very carefully in circuit with a 
large-sized Daniell'e cell with plates which can be weighed, or elae 
witii a coppering cell in addition ; as even a Daniell varies some- 
what, a variable resistance is also desirable, so that an exact 
uniform deflection can be kejtt np for an exact meosnred time. Iiet 
the experiment continue for ten hoars or else correct the weight of 
copper deposited to that period, and divide this weight by 3175 
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grains, the eqnirBlent of copper ; the resnltinf; figure is Uie nine 
of the observed deflectioii in " chemics." From thia is calculated 
the deflection correeponding to one chemio, and then by the law 
of the tangents a table can be diawn up of the value of each degree, 
or of the degrees corresponding toeaoh chemio ; or, better still, a 
dial can be graduated to read off chemics direct. This is effected 
by fixing the dial npon a long table or board and drawing a line at 
right angles to the zero line as long as possible. From the centre 
of the dial, through the exact angle representing one chemic, a 
point is marked on the tangent line ; this line is now divided into 
equal spaces (and subdivisions if reqnired), oonesponding to the 
distance of this, the one chemio point, from the zero line of the 
dial ; lines from the centre to these varioos points upon the tangent 
line will mark npon the circle the points of deflection representing 
the valnes in chemics on the tangent line, as the needle when on 
these deflectiooB is really pointing to the njiarks on the temporary 
line of tangents. 

In like manner the tangent galvanometer may be graduated to 
indicate resistances when a given battery is in oircnit, or ttie 
electromotive force when there is a fixed resistance ; bnt while I 
e^Iain this process for the benefit of readers, it is necessary to 
remark tbat no one is at liberty to make for sale galvanometers 
whose dials are thus graduated to indicate the values of the cnnent 
and resistances in definite units, in place of mere degrees of aro, as 
this coustmction is patented. Instraments made upon much 
simpler plans than tiie tangent galvanometer when onoe thus 
gradiiated, as described § i8o, entirely replace the tangent and 
sine galvanometers. 

If preferred, the valuation may be made in vebers instead of 
chemics, as the Yeber current represents 5 ' 68 chemics. The Veber 
current being based on the absolute system, § 199, may be ascer- 
tained mathematically upon a tangent galvanometer, because it 
depends on the length of current acting, distance &om needle, and 
tiie action of the earth and current on the magnet. Galling the 
horizontal intensity of the earth 1*764, r the radius of the coil, 
d its diameter, L tiie length of wire in the coil (all, of course, in 
metres), n the nnmber of turns, and the current strength, then 
in absolute units the current producing any deflection 6 is 

C = 1-764 Y t^i'g- ^° 

or 

C = o-s6is-tang. tf° 

Owing to the great increase in the value of deflections, the 
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leadings ue not very reliable over 50°, as even a Iuut'b breadtlt 
error in reading tells ; tliQB at 50° a single degree is equiTalent to 
three times as lauoh as at 10°, to four times at 60°, ten times at 
70°, and forty times at 80°. 

177. Thb 81N1 Galvanombtek. — When a magnetic needle ia 
remoTed from its normal position, tlie earth's magnetism exerts a 
force tending to replace it, proportional to the sine of the angle 
ot defleotton. The deflecting force of a galvanic onirent is at its 
greatest when the current is parallel to the needle ; hence if the 
current is mode movable, so as to follow the needle till it can 
deflect it no farther, theee two forces balance each other, and it is 
therefore evident that the force of the cnrrest is proportional to 
the sine of the angle the needle then makes with the magnetic 
meridian. The action of galvanometers based on this principle is 
more miiform than that of the tangent inetmment, becanae while 
the sine of one degree is the same as the tangent, that of 90° is 1, 
the same as the tangent of 45°, and the sines gradnallj diminish in 
proportionate length, instead of, as in the case of the tangents, 
increasing so rapidly as soon to become almost useless as measures 
of action. But, on the other hand, their action is very limited, as 
the force should deflect below 90°, A sine galvanometer, therefore, 
to be of any extended use, should be made with oonnectionB 
enabling successive turns or layers of wire to be brought into 
circuit. 

The construction is similar to that of the stand described § 174, 
the coils of wire being fixed to the upper movable disc; the 
needle usually works upon a point in the middle of the coils, and 
an indicator fixed to it at right angles stands over a zero line, 
&om which it is not allowed to move more than two or three 
degrees, ita play being limited by studs. In this case, therefore, 
there is an advantage in using a long and powerful needle, as the 
objections to this, S 171, do not exist here. On one of the disoa 
is a circle of degrees, and on the other a pointer or vernier. 

To use the instrument, it is set in the ntagnetic meridian witii 
ita indicator at zero end the pointer of the outer circle at 0°. On 
the current passing it presses the indicator against one of the etnds, 
and the disc is then turned in that direction till the indicator 
leaves the stud and places itself on the zero line. The sine of the 
number of degrees pointed to on the outer circle is the relative 
value of the current, which may be converted into definite unita in 
the same way as described, § 176, for the t&ngent galvanometer. 

Any form of coil, aud single or double needles may be used for 
sine galvanometers, and as remarked § 174, any galvanometer is 
converted into a sine one by standing it on the revolving table there 
described. If the onrrent Is too powerful for the instrument, it' will 
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cany the needle ttll round the oirole. In this case sbtinta, § 273, 
may be osed to Bead only a known part of the cnrrent into the 

iirfltmmfint 

178. Obdinabt Galtanoubtbbs. — These ore of eimple conatme- 
tion, bnt give no definite information tmleee their defiections have 
been Talned or their dials gradnatod, by being inoladed in the 
Gircait of a tangent or sine instrnment, the deflectiona of which t)re 
governed by varying resistances. It may be here remarked, also, 
that it ia desirable for convenience' sake to note a|>on the face of a 
galvanometer the side to which a current deflects the needle, or, if 
several inBtrnments are posBessed, it is still better so to arrange 
the connections that all deflect the same way ; for inatonoe, if the 
sorewB are on the sides of the zero line, make the north pole always 
turn to .the side connected to the positive pole of the battery. The 
simpleat possible form consists of a mere rectangle of stont wire 
encircling the needle. The lower branch should be let into the 
wood &ame, or even be on the lower side, so as to allow the 
gradoated arc to be on the wood, and the needle should either 
curve down or be provided with a wire prolongation to come oloae 
to the graduation. For smaller cnirents, many tarns of wire may 
be need withoat hiding the needle, or it may be fitted with an 
indicator, and the graduation commence at right anglea with the 
needle. The value of the deflections of this, Md of all the aimilar 
forms in which the coila snrronnd the needle, ia something approxi- 
mating to the ratio of the tangents, bnt it is not nnifoimly so 
throaghout, nor oan any law be framed as governing them. 

179. Untveksal QAiiVANOMETKaB. — Hany amateurs wish to 
poesess instrnmonts fitted to the measarement of both weak and 
strong currents, bnt are deterred partly by the expense, but also by 
the inconvenience attending numerous inatrmnents in limited 
accommctdatiort, and both drawbacks are felt even by thoae who ar& 
prepared to make their own instruments, a oouree to be strongly 
recommended to all who wish to attain sound knowledge. 

Instruments oontaining two or more circuits are not uncommon, 
but they are made upon no fixed prindplos. I devised Ate tnstru- 
laeaxt now to be described to suit these requirements, and it led up 
to the one described in next section. 

Fig. 49 represents a stand with three levelling screws ; on it are 
fixed the coils of the galvanometer and a commutator for throwing 
difibrent lengths of wire into circuit. The coils may bo made in 
one frame on a flat copper tube, or as is usually done, in two parts, 
one on each side of the needle ; the sides of the frames are secured 
to the stand either by brockets, or if made of wood, by brass screws 
passing up through tiie stand. 

Even if made separate, the two sides of the coils should be 



monnted together on one mandrel for winding, eo as to diatribnte 
the wires eqiuUj between the two. The chamber within the coils 



in which the magnet playB, should be a in. long and ^ in. deep, and 
the frame made 3^ in. long and i^ in, high, so as to fonn channels 
or spaces in which the wiro will lie, f in. wide and the same in 
deptii all roond the central chamber. 

The laying on of the wire mnst begin in the middle, and each 
end mnet be connected eo as to complete an exact turn at the 
middle, otherwise the indications will be inaoonrate. First lay en 
90 tnms of No. 20 cotton covered copper wire, leaving 6 in. of 
the end for connection ; the sizes given will allow exactly 10 tnms 
to be placed In each channel, and Utns four layers on each side will 
complete the 60 tnms. Solder the end of the No. 20 {at the ^aot 
torn) to a doubled length of No. 18, leaving 4 in. or 5 in. to come 
ont for the connection, and lay on nine tnms of one of ibeae wires 
in each channel, so as to divide the current between them. Finish 
with a strip of copper | in. wide joined to the 1 8 wire, at the exact 
spot completing a turn, and leaving the end of the wire standing 
oat; make one turn of the strip and bring its end, or a wiro 
soldered to it, out for the commencenient of the coils. This will 
give three circuits with decimal ratios (nearly) to each, other. The 
wire ends are to be carried through the stand, and led to the 
required points. The two outside ends are taken as one (dividing 
the current) to the binding screw + ; the next pair, representing' 
one turn round the needle, are taken to i of the commutator ; the 
next pair (joined, as close to the coils as can be, to the end of the 
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Ko. 20 wire oompletiiig lo tnms) ore taken to a ; the first end 
of No, 20 wire wMoh completea loo tuma goes to 3. 

The oommntator ia aimilBi to the one need frequently on medical 
coils, a central pillar connected to binding Borew — and a spring 
&om it traTersing over the nnmbered stnds. For some reasons it 
is better to use mercury cnps thus ; a block of hard wood an inch 
thick has central and radial holes | in. deep by ^ in. bored in it, 
and when fixed on a stand, holes are boreij throagh jnst large 
enough to pass a No. 1 2 copper wire, on which a head has been 
hammered up. These heads are well amalgamated, and a piece of 
wire bent twice at right angles passes from the central cap to the 
one desired to be naed ; the resistanoes are thus kept very «mall, 
so that when nsed for measnring batteries, &c., they may be ignored 
in many cases. 

All the connecting wires should be kept as dtwe as possible to 
the middle lino, so as to have little effect of their own upon the 
needle and neutralize each other. 

The needle is if in. long, of fonr strips of watch spring, and may 
be fitted with an indicator and mounted in either of the ways 
described, so as to play within the central space ; if monntod on a 
point a long noedle may be fixed in a piece of brass and screwed up 
throngh a hole in the stand and in the middle of the coils, vrith its 
point somewhat above the level of the frame. On the frame is 
secnred a dial of cardboard, with an opening in the middle to pass 
the needle throngh, and a glass cover should go over all. 

The graduation can be effected as before described, but the 
following valnes will approximate to the readings, if made exactly 



These figures represent the indications on No. i oircoit : when 
No. 2 is employed they are to be divided by 10, and by loo for 
No. 3. By using finer wires more circuits may be nsed, but the 
size of the foune mnst not be increased, and the whole space mnst 
be filled or the ratios will not hold good. 

180. SPBAOim's Fatbnt Unitbbsaii Oaltahouetbb. — While 

using the last-described instrument and discovering the defects in 

it as well as its utility, I worked out a principle I^ which an exact 
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mnltipIyiDg ratio oonld be given to any nnniber of circnits, and 
the disturbing effects of the varioiis connectionB eliminatod. I eaw 
also that the plan I hod long used personally of measuring cnrrents 
direct, as described (but which no one else appears ever to hava 
thought of as applicable to galTaucmeters), might be extended so as 
to make them read off resistances in ohms without the use of the 
expensive resistance coile. From these ideas has been developed 
an instnunent which will soon be accessible to the public, and will, 
by simpliiying the processes of measurement and placing them 
£uily in view, tend to spread generally those definite ideas of the 
measurement of electricity which make it a science instead of a 
mere hotch-potch of isolated facts, bat which ore at present confined 
almost entirely to professional electricians. 

It resembles in some respects the instmment last described, but 
BO modified as to ensure accuracy. It shows the current in vebeis 
and in chemics as well as in degrees. It can be made to show any 
special work, such as the rate of deposition in pomids or in oonees 
per day ot honr of any metal, or to measnre other work done. 
When used with a Baniell cell (or several, as required) the indicator 
will point to the resistance of the cironit in ohms, and when used 
with a fixed resistance it will in like manner show at once the 
electromotive force of any battery used with it. It will thus do 
for many purposes, without other instruments and without calcnW 
tions, the work which at present requires the Wheatstone's bridge 
and expensive resistance coils, as well as many calculations. 

1 8 1. VxBTioAi. Galvanometbbs. — For many purposes it is 
common to arrange the needle in a vertical plsJie mounted on a 
central pivot, in which case the needle is double, one working in^ 
side a coil, the other with its poles reversed working outside. 
Buch an instnunent — which is, in &ct, the needle telegraph inetm- 
ment — has its uses, but its indications cannot be refiod on ; they 
vary with, the varying magnetism of the needles, because the 
resistance to motion is not the mt^etism of the earth but the 
extra weight of the lower parts of the needles; the chief ad- 
vantage is their instantaneous action, as the needle does not 
vibrate as in the horizontal form, and their ready visibility from 
a distance. 

The sensitiveness may be increased if the axis of the needles is 
pointed at the back so as to work in a cnp, by inclining the 
instrument, and so diminishing the height through which tiis 
weight has to be lifted for a given deflection. This form is fre- 
quently used in practical operations, such as testing telegraphic 
wires, &om its portability and general handiness, and in soch cases 
it is usually made with a double wire so as to be employed as a 
differential galvanometer. The oonstinotion is the same as that of 
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borizotital inetrnmentB, the difference beii^ in the mode of sus- 
pending the needles and the mounting in a ease. 

183. DiFTZBiNnAi. Galtanohetbbb. — These may be made in 
any form of construction. They consist of two oiactly similar 
wires wonnd side by side thronghout, bnt very carefully insulated 
from each other : they mnst have exactly the same influence upon 
the needle, and must also have exactly the same resistance. To 
secure the first, care must be taken that the wires are equally 
tightly laid, so that one has no greater length at any part than 
another. The wires should make a hal5 twist at eadi layer, so that 
they shall be alternately the nearest to the needle ; if Uiia pre- 
caution is not taken, and a needle suspended by a fibre is used, the 
needle is apt to be drawn bodily ton'ards one side, and to be de- 
flected in opposite directions, according to tho side it is drawn to, 
. in which case no leliance can be placed upon it, as the least 
change of level will cause it to torn either way with the same 
onirente. For this reason, ^obebly, differential (^vanometers are 
usually made with pivoted needles, thus lowering their seuBitivo- 
ness. To test this equality of action the two coils are to be con- 
nected at the one end, so that the current goes by one and returns 
by the other ; no deflection shonld be produced, however strong 
the current. If any effect is shown, it may be corrected by adding 
one or more turns of one wire, or if this gives over correction, then 
by unlaying a part of the wire having least influence and laying it 
again in its place somewhat loosely so as to lengthen it. The 
equality of resistance may then be tested by connecting up the 
instrument so as to divide a current between its two coils witlk 
revise action, and adding wire at one of the connections outside 
the coils to the wire having most effect until they exactly balance, 
or the resistances may be equalized by meims of the bridge, §216. 

A good differentiu galvanometer enables resistances as well as 
cnrrents to be compared on principles similar to those explained 
§214. If the two coils are exaotly equal as directed, ourrents may 
be compared by passing them in opposite directions. Two resist- 
Rnoes may be compared by putting one in each circuit, and then 
ooimecting to one batt«ry so as to divide the current between 
them : if one is a resistance to be measured and the other a resist- 
ance instrument, by altering the latter till there is no efE^t upon 
the needle it measures the first resistance. Multiplying ratios are 
given to the instrument by means of shunts, § 272. These are 
provided to one or both the circuits in such way as to open other 
paths to the current and allow ^'5 or -fjuf of it only to pass the 
coils ; then the actual resistance inserted in the other circuit has to 
be multiplied by lo or loo to give the resistance which it balances. 

In nsii^ these iustiuments, when the resistance to be measuied is 
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equal to Or greater than that of one of tbe wiree, the resistance and 
rheostat ehonld be ineerted in the circuit ae described ; bat if the 
reeiBtonoe is less, it in better to conple the two drooits so aa to 
neutralize each other, and to nee tbe rheostat and resietanoe to be 
measnred, as shunts, one for each oircnit 

A differential galvanometer may be employed ae a single circoit 
of alterable resistance and powers, as one circnit may be nsed 
alone, or the two conpled as one, reducing the resistance to half of 
that of a single circuit : or they may be used in series with double 
the resietanoe but double tbe action on the needle, each of which 
arrangements suits varied conditions of resistance in the rest of the 
circuit ; snch an instrument is therefore of use with the Wheatstone 
bridge. 

163. Thohboh's Bxflbotob. — This valnable instrument is so 
purely technical in its uses, and scarcely employed except for 
delicate telegraphio purposes, that a full description is hardly 
required here, especially as it is rarely likely to be made by any 
one not familiar with it. It is usually oonatmcted upon a verticai 
brass plate about ^ inch thick, socnrely monnted by pillars upon 
an ebonite stand. In the plate and upon each side of it are turned 
circular recesses, leaving a thickness of lees than i, tho centre of 
which is also entirely cut away, as well as a vertical space in which 
hangs the needle system. Four reels, about ^ inch wide and of 
2 to 2^ inches diameter, of brass or ebonite, with a central tabe of 
^ inch bore, contain the wire, and are made to fit into the recesses 
of the plate and held there eilier by large headed screws or by turn- 
ing small catches so as to grip the edge of the reels. The coils are 
connected in pairs, leaving four ends which are connected to binding 
screws, so that if the coils are exactly alike and carefully adjusted 
they may bo used difiereotiBUy, or at any rate be connected voriouBly 
as described g i8z. In some cases also there are double wires used 
to make the instrument a truly difierentiol one. According to the 
pnrposes desired, different sized wires are used ; but fine wire 
(No. 40) is generally nsed, and a resistance of 8000 or 10,000 ohms 
laid on. 

The needle system consists of two pieces of watch sjaing | inch 
long, cemented upon an aluminium wire so as to occupy the middle 
of the coil tubes : on tho npper needle is also cemented a mirror 
made of a microscopic cover silvered and inclined ao as to reflect a 
little upwards, and a slip of mica is fixed across the lower needle 
so as to act OB a damping vane and also by touching the tube to 
limit the play of the needle. At the top of the supporting plate, 
and in a hole drilled exactly down the central line, is a slidii^ 
wire with a hole in its lower end to which is hooked a silk fibre 
Attached to the almnininm rod of the needles : this fibre should 
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bave BB mach length as possible given it, and by slightlf nising 
or lowering the rod the needles can be properly arranged for work, 
or lowered bo as to take their we^ht off the fibre when moved 
about: thiB needle system fihonld weigh altogether only 3 or 4 
grains. The mirror is sometimes made somewhat concave, aa aa to 
concentrate the light at a given focus. 

The instmment is covered with a cylinder of glass with a flat 
brass top, from the middle of which rises a brass rod fitted with a 
tangent screw to move it gently rotmd. The rod carries a sliding 
tube on which is fixed a small magnet, by altering the position of 
wbioh the needle is controlled, as to delicacy by the height of the 
magnet, and as to position by the line in which the magnet is 
placed, BO as to supersede the small directive action of the earth 
apon ite neatly astatic needle system. 

The index is the beam of light reflected by the mirror from a 
lamp placed behind a screen 2 or more feet distant : usually a 
narrow slit is provided which thus sends back a narrow line c^ 
light : it is much better to use a ^ inch circular opening with 
a vertical wire (which should be a dead black) stretched across it : 
this leflects a black line crossing the graduation, surrounded with 
light enough to enable the gradnation to be observed. The light 
is improved also by being placed some distance back, with a re- 
Sector and concentrating lens adapted to the distance of the mirror, 
so as to get a bright spot which does not require so much darkening 
of the operating room. The deflections within the small limit of 
play allowed are proportional to the tangents of the angle of deflec- 
tion, and, cooBequently, to a straight line divided into equal parts 
placed apon the line at right angles to that occnpied by die coils. 

The screen has npon it such a scale of equal jnrts mounted on a 
slide for adjustment, and the whole is to be so arranged that the 
indicating line or spot is upon the zero line, and is equally deflected 
to either side vdlik reversed equal currents. 'A shunt is always 
provided with the instrument so as to send Ytstnn ihn iV> <^ ^^ 
the currents into the coils : by using these as accuracy of measure- 
ment is approached, observations can be made without throwing 
the needle about too violently. The iustrnment must be absolutely 
steady, and therefore fixed npon a brick pillar or upon a shelf fixed 
on a solid wall, otherwise the spot of light is always dancing about, 
and it is impossible to make any useful observatione. 

1S4. GxBUAX SiLVBB WiEX.— For purposes requiring a high 
and oonstont resistance galvanometers are beat made of German 
silver wire, owing to its small variation of resistance by tempera- 
ture. But this only relates to external temperature: as relates to 
the heating effects of the current itself German silver wire is 
worse than copper, and therefore variations in the ratio of shunts 
n,o,i7P(ibyGt.)0^le 
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§ 272, wDI be greater with it than with copper. Gennan silver 
increases its resiatauce onl^ about ^ as mncli as copper, bat a wire 
of the same size wonld have 12 times tlie resistatioe, and therefore 
collect in it 12 times as mach heat from the passing current, 
German silver wire is most nseful in a galvanometer intended to 
measure clectromotiTO forces by the process described § 270 {3), in 
which a high resistance is needed and one nnifonn in all erperi- 
ments. Brass wire may also be used for the same porposes. 

185. LiPPKAn'e Cafili^bi Elxotboubtis. — The 'Philosophical 
Magazine' for April, 1874, contains a very interesting paper which 
seems to open a new field of electrical research as well as new 
instmmeuts for its stndy. It is well known that small tabee 
possess the power of elevating or depressing liquids in them by 
the force of surface adhesion between each liqnid and each nmteriu 
of tobe. M. Lippmon has observed that tbe point of level in snch 
tabes is altered when the Uqaids are polarized, that is, subjected 
to electric tension, and that the variation in the line of level is 
proportional to the degree of the electric tension. 

A glass tabe ■ 32 mm. in bore is connected by means of a flexible 
tnbe with a reservoir of mercury, provided with appliances for 
observing the heists of the snrfaccs : the tipper port of the tnbes 
enters a reservoir containing dilate snlphnric acid, which is con- 
nected to another reservoir of mercury, due core being taken to 
ooimterbalance all pressnres except those which are intended to 
act. In these circnmstances a difTerence of level of 14 nun. is 
produced by the capillary force of the tabe. On forming the 
ciionit of a Daniell cell through the two mercory reservoirs and 
the tube the level alters, the difference becoming 18 -9 mm. 

Upon those principles an electrometer or galvanometer (for it is 
both) is constmcted.jwhich it is stated is so sensitive that Uie efiect 
of a feebly charged proof plane can be observed. Measurement is 
effected either by a 'graduation of the tube to be observed by means 
of a microscope, or by the height of the column of mercury required 
to bring the mercury back tc its normal line. 

By means of bundles of tubes connected to the two arms of a 
beam and by proper commutators, an engine is constrocted which 
converts electric corrent into mechanical motion : if the action is 
reversed and the machine moved by eitomal force an electric 
currrait is set up, and it is stated that these effects are produced 
more economically than by means of olectro-magnets, as hitherto 
attempted. 

186, Mrasubkmest bt CmanoAi. Action. — Faraday proved, see 
§ 253, that whenever an electric current passes through a compound 
in a liquid condition (whether fused or in solution) the substance 
is brokeu up, its constituents separated into two parts, one of which 
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appears at tbe poeitiTe, the other at the negative pole, vhere they 
are either released, or hy acting chemically on other Babetauces, 
releaae some bodies equivalent to them. The laws of this action 
are studied Chapter IK., under the name of Electrolysis. This 
chemictd action is proportional to what is called the " quantity " of 
electricity circalatiQg ; hence any snch chemical action capable of 
ready meaeuiement may be made the means of measuring the 
galvanic current which effects it. The procoes commonly used is 
tho decomposition of dilate sulphurio acid ; it is UBoiilly, but 
erroneouBly, termed the decompOBitioti of water into its constituent 
gases, but really the acid alone is direoUy acted on, its hydrogen 
set free at oae pole, while its radical SO^, by some called oxysnl- 
phion, being incapable of separate existence, acts on a molecule of 
water, re-forms acid HjSO^, and sets free the oxygen ; the practical 
resolt ia, therefore, the same as though water were decomposed, and 
calculations may proceed on that basis. 

1 87. VoLTAMBTEBB. — Instruments for this mode of measurement 
are thus named. Their form is subject to infinite variation, and 
every instrument maker doTises his own varioty. AU that is 
essential are the two condaotors, an outlet for the gases, and a 
means of measuring them, either separately or together. The greet 
drawback to these instrmnents is the resistanoe they ofier to the 
current, a large proportion of the force being absorbed by the mere 
work of meaaorement. This resistance is twofold, (i) Ghemic^ 
By the act of decomposition itself or even the tendency to it, nascent 
gases are produced in contact with the metallic smiaoe, and the 
effect of this is to convert the instnmient into a galvanic cell, 
the electromotive force of which is opposed to that of the battery. 
(2) Mechanical, dependent on constmction. Most voltameters are 
made with small plates, and as this is equivalent to reducing the 
section of the liquid conductor, it causes great resistance. The 
plates should be as lai^ as is convenient, and they should be 
platinized to facilitate escape of gas. Platinum is used because it 
is not acted on ; graphite carbon would answer equally well, but 
for its tendency to absorb the gases. 

A very simple form may be made from an ordinary wide-mouthed 
bottle. Two plates of platinum with wires attached are moontod 
on the cork witii bindir^ screws outside ; in the middle of the cork 
a glass tnbe is fitted to carry off the gas by means of a flexible tube' to 
an ordinary gas measuring jar : the end of this tube should project 
a little within from the snr&ce of the cork and be cut off aUntii^ 
so as to resist the ingress of moisture, and the cork should be 
boiled in melted paraffin. 

If it is desired to collect the two gases separately, the cork should 
be fitted with two glass tubes as large as it will admit and going 
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nearly to tbe bottom of tbe bottle. The tnbea should be left open 
at tbe bottom, and closed at the top with a cork fitted as before 
with a gas leading tabe and a atrip of platinnm : these giving off 
each its proper gas within the tnbe, oompktii^ the liquid circuit 
b; the open ends dipping in the liqaid. 

For experiments with very small currents, as, for instauoe, those 
of induction coils, large sn^ce is objectionable, as so much of the 
gas is retained by them and in tbe liquid : for snch oocasiona a 
wire enclosed in a glass tnbe melted to it and exposing only the 
and, is nsed. These condnctote may be fixed in small tubes and 
need as just described, or both may be passed through a cork in the 
neck of a small bottle with its bottom cat o^ bo that it can be used 
as a receiver in which two small test tabes can be inverted over the 
oondnctors, so as to make a model ot one of the common forms of 
Ttdtameter. 

188. As bef^e stated,' these instmments are objectionable im 
acooont of their great resistance. It is, however, quite possible to 
have a voltameter which not only shall not give any resistance, bat 
shall help the current A Smee cell is to all intents a voltameter, 
if we collect the gas given off, and ascertain how much of it is due 
to local action ; tbe mode of effecting this is described § 124 : a cell 
for this purpose should be large enoi^h not to lower tbe current by 
its resistance, and its outlet ^onld be closed when not in use, so as 
to keep the liquid charged with gas. 

189, We have now to learn what the measure of gas given off 
teaches ; a point which electrical writers usually fail to clear ap, 
because they take the actual measure itself as the primary matt^, 
instead of treating it as an incidental effect, and thus base upoti it 
all sorts of arbitrary units, as, for instance, Jacobi's unit of current, 
that which in one minute generates one cubic centimetre of mixed 
gases ato° C. and 760 mm. barometer. The thing really wanted is 
to know what meagare of gas corresponds to such a defiiiite system 
in weights as furnishes the unit or " chemio " current, to value the 
indications of the voltameter aa in g 176 those of galvanometers are 
valued. Wo require, in fact, to know what meamre corresponds to 
those teeighiB, not to set up a different set of ideas altogether. By 
the system of weights the current is measured by the number of 
equivalents of any substance acted on, ascertained by dividing the 
total weight by the known equivalent woight. Xow the system of 
measure is stiU more simple, for every atom of a simple substance, 
or still more inclusive, every molecule of any substance, simple or 
compound (with a few exceptions), occupies in the gaseous state the 
same volume, no matter what its weight is. What we want is the 
relation between the equivalent and this molecular volume. 
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' In water, H,0, tliere ore lihree atomB, all of equal Tolnme ; but 
as to weight, hydrogen being unity oounts a, and oxygen I^ its 
atomic weigbt i6, makes the molecule of water 18, whidi anewera 
to two electrto equiTolents. Once we know then the measure or 
bulk of I ^rain of hydrogen, we know the weight of the same hnlk 
of every other gas, the constitntion of which we know. 

The boBt mode of measnring gaaes is by the metric Byatem 
reckoned at 0° 0. temperature (freeziug) and 760 nun. barometer 
(one atmosphere) correcting to actoal temperature and preBsnre ; 
but as exact accuracy is never attainable in this particnlar case, 
because part of the gaeeB is absorbed, it is near enough to take the 
average condition at 60° Fahr. and 30 in. bar., at which, according 
to Miller, I grain of hydrogen oocupiea 46 ' 7 3 cubic inches, which 
niay be considered the nnit or atomic volume. 

Therefore, for each unit of qoantity or onrrent there will be 
given off — 

In the modified Smee voltameter, 4$ ' 7 3 onbic inches of hydrogen. 

In the doable voltAmeter, the same in one tube, and 23 '36 cubic 
inches of oiygen in the other. 

In the single-tube voltameter, 70*1 cubic inches of mixed 
gases. 

A tnbe of gloss, Buofa es the ordinary Hohr'a alkalimeter, can easily 
be graduated to measure this off direct: 46'73 O.I. = ii797*45 
gnid grains, therefore a tube containing ti79'8 grains divided 
decimally would contain one-tenth of a nnit, and require one hour 
to fill by a ohemic current from a Smee voltameter. 

190. As any one of the reactions which take place in a galvanio 
drcuit will answer for the purpose, the beet vcJtameter for many 
purposes is two plates of copper in a coppering solution. If a 
Dauiell with flat plates is used this system iJso will supply instead 
of absorbing energy. The weight of copper divided by 31*75 as 
explained § 176 will give the required information. 

191. Mbasdbkmzht by Hkatikg Eitbotb. — Whenever current 
passes through a wire it meets a certain fixed resistance, in over- 
coming which the equivalent proportion of energy is converted into 
heat, and the current, therefore, is capable of measurement hy this 
heat. Ab on illustration of the erroneous notion of the older ideas, 
such as that heat is the two supposed electricities united, it must 
be miderstood that this conversion into beat of the force of a 
galvanio current does not in the least rednce the "quantity " of the 
electricity ; that is to eay, a current arising from tiie consumption 
of one unit of zinc will deposit exactly the Bams quantity of copper, 
viz. one nnit, whether it passes directly to the coppering cul, or 
whether a long fine wire, in which heat is devel<^>ed, is also 
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interposed in the circuit ; the only diffbrouoe will be that it will 
take mocli longer abont it. This is eipUined by the general 
principles of the oircmt, § 274, 

Eiperimeat, has, however, settled that — (i) In a wire of given 
leeistance (ignoring the variation prodaced by the heat itaelf in the 
wire), equal currents always generate the same amount of heat. 
(z) With different corrents the amotint of heat yariee not in the 
ratio of the cnrients themselves, bnt in the ratio of the squares of 
the currents ; tbns, if a current of one unit prodncee in a given 
wire one heat unit, that is, sufficient to raise one pound of water 
ooe d^ree in temperature in a minute— then a current of two tmits 
will produce in the wire four such units of beat. 

This is expressed nrathematically H = G'Bf ; to give the heat 
developed in a given time any fixed value, a constant which is the 
heat equivalent of the current in a unit resistance for a unit time 
(such as one second) mnst be employed vritb the formula; for 
which see § 257. 

192, OA1.0RIMBTBBB. — These little-used instruments are thermo- 
meters containing a platintim wire, through which the current passes. 
There are two kLUds: ^i) an air thermometer — a bulb with a fine 
graduated stem containing liquid ; the platinum wiro crosses the 
bulb : (2) a vessel containing a known weight of a non-conducting 
liquid, such as water or alcohol ; the wire passes through this and a 
thermometer shows the temperature generated, which, with the spe- 
oi£o heat of the liquid, gives the actual heat, ^hus, if a ponnd of 
water is nsed, each degree represents a unit of beat, and if ihe resist- 
ance of the wire is Kdim the calcnlations are very simple, see §27;. 

193. H]iA.TrNO EyrzcT opos 'WiEBa. — The formula in § 191 
expreeses the actual heat as quantity of energy ; bnt another con- 
sidemtion of moment is the temperature to which that quantity of 
heat can raise a particular wire. This depends upon several con- 
siderations, such as the weight of metal in the wire, and the specific 
relation of the metal itself to heat (see§§ 13, 108, and 196), i.e. its 
specific heat A general formula may be given for this, not reckon- 
ing, however, the heat lost by radiation and conduction. 

C. = Current in yebers. 
B. = Beaistance of wire in ohms. 
W. = Weight of wire in grammes. 
g. = Specific heat of metal. 

H. = Eise of temperature per second in degrees Centigrade. 
'>4o65 = Calories equivalent to veber. 
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In this and gimiUr formnlie Uie metric weights ate neoeesaiy, 
because the unite aie themselTes based upon t£em. The specific 
heat of metals increases as they approach the temperature of 
fasion; and, therefore, platinnm varies less than other metals. 
The following figures are the ayerage between o° and ^oo" C. 
Specific heat Melting point. 

Copper 'lois 1091 

Iron -1218 1805 

Silver •0611 1013 

Nickel 'irSS i8o3 

Platinum „ .. "0355 aioo 

Zinc -1015 413 

The specific heat of alloys is the mean of that of their oompo- 
n«its, and is ascertained by multiplying each specific heat by 
the percentage of the metal and dividing the sum of the whole 
by 100. This only holds good at a distance tcoia the melting 
points, which are usually not the mean of the constituents, but 
lower ; and it is doubtful if it applies to those alloys which, like 
German silver, difier in resistance greatly &om that of the means. 
The efi'ects may be compared upon the system of English weights 
and units used in these pages, by taking as the heat equivalent the 
grain instead of the pound of water. Then the worth of the Teber 
oorrent is 6 ■ 6855 such grain degrees Fahr., and thi^ of the chemic 
(S-68)'= -20721. 

The length in feet of a wire weighing i grain per foot, which 
gives I ohm resistance, is of course £e weight in grains, and is for 
copper 4*845 and for platinum -2828, and as in these different 
lengths or weights equsJ actual heat is produced, it is evident that 
vccy diderent heating efiects must bo exhibited ; but the specific 
heat has also to be considered, and this, again, greatly increases the 



If we multiply the nnit heat of current (above) by the reciprocal 
of the specific heat (that is i -j- specific heat), we get the number of 
gnuns of the metal that nnit heat would raise 1° Fein., and dividing 
this by the len^ of the grain-foot ohm (the unit wire, § z£6), we 
get the actual riise of temperature produced in that wire for a Veber 
current as i4'5° for copper and 750° for platinum; that is, a cur- 
rmt which would only warm a copper wire slightly would raise a 
fJatinnm wire to a red heat 

In an experiment with snoh a platinom wire, I obtained the 
carious result that the loss of heat and gain so balanced each other 
that the actual temperature maintained by the current closely cor- 
responded with the calculated rise. 
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HiAT <W W1BE8. 

He« otHmd >~ Is Dcgreu Fibr. 

I. Teber onrrent 

1. Fdntred .. .. {|??^ 

!.oh«ind {;n 

4. Orange {3100 

!■■«'• {\',S} 

'G. Foaedaboat .. .. .. 3700 



8 accidental, and only holds 



Of oooTBe, the' coincidence noted n 
for tte very fine wires. 

In heating wires, it is to be remembered: i. The same ewrent 
will heat an inch or a mile of the Bame wire ; the length heated in 
uiy given conditions is pnrely a question of resistance, and the 
force employed to pass ^e corrent. 2. To heat, equally, thicker 
wires, the current mnat be inoreased as the weight of wire per foot 
increases. 

The arrangement of batteries to produce thue two effects is 
number in series for the first, large cells for the second ; and the 
resistances and electromotiTe forces must be arranged so as to 
produce the required current. 

194. PmNoiFLEB OF MBAHCBntaxT. — As soon as men passed that 
first step of civilization in which they bartered with each other 
&om hand to hand articlos presented to the sight, and required 
some more abstract idea of value and qnonti^, they naturally 
selected for their unit some common object ; thus our early English 
weights appear to have been in some d^^ee based on the barleycorn, 
while the many " stones " of oar country districts were possibly at 
first actnal stones used by some eminent individnaTs as wei^ts, 
which afterwards became a sort of local standard. These weights, 
&c., naturally grew up to larger ones by the process of doubling, 
and hence was gradually generated the present system of weights 
and meoanies. The intolerable burden of the calculations these 





The lut line 


of the eiperimantH 


illnatratSB tha ftct that the breakinB of a 


win 


bj the galvsn 
tare. The eff 






at a lower tera- 


^^ 




OB to the deatruetlTe efFe 


a of lightning. 


fuBiDiF poiat is, in fact, that poic 


at which the yibratory e 


ilecular motion 






ihesion; bnt, if 


fUr 






otion or revolution of the 


molecnles, it ia 


obvi 




feet mail be added 


that of heat and destroy 






PO. 







n,o,i7PcihyGt.)t>*^le 



MBiSUREMBNT. 145 

iii£ict npon modem oommeroe mnst altimBtely indnce even " prac- 
tical" Elngland to get rid of them, as the more scientifio and 
generalizmg French mind has long ago. 

Exactly the same process has been followed in ecientifio matters; 
in earlier times, before the whole aspect of science had bnrst npon 
the mind of man, the more salient phenomena of each division of 
natural knowledge were first observed ; subsequent observations . 
were referred to and compared with these, and thus grew up a set 
of merely " practical " systems of measurement based upon isolated 
facts, and even worse, expressed in the confusing system of common 
weights and measures. Hence, in electricity we hsvo such measures 
of action as that referred to in § 189, and many similar ones, all 
based on isolated &cts. As electricity assumed the state of an 
exact Boienoe, and was brought into subjection to mathematics, the 
evils of this system became so intolerable that an effort was made 
to remedy the nuisance, and on organized system of electrical 
meosnrement has been devised nuder the auspices of a committee 
of the British Association, 

195. Most unhappily for science the gentlemen on whom this 
duty was devolved, being mostly trained mathematicians, failed to 
escape altogether from the trammels of the "practical," and the 
bondage of mere mathematics; and, in consequence, perfect in 
itself as is the result of their labonrs, they have certainly throvra 
back science many years in its progress and interposed aformidablo 
barrier in its way, because the very perfection of their system keeps 
out of sight its fimdamental error, viis., the perpetuating the old 
arbitrary system, instead of seeking a truly scientifiG starting 
point. This evil, which very few people even yet comprehend, is 
analogous to the errors of the old astronomy : it looked at the 
universe from the earth, and tried to bring all the observed 
motions into a system subordinate to the earth ; hence inextricable 
oonfusion. As soon as man adopted nature's centre, and looked at 
the universe from the sun, all confusion disappeared, and perfect 
harmony and simplicity were at onoe presented to the observer. 
Exactly so with every other science. When we want to weigh and 
measure nature, her fbroes and works, we ought to take for our 
units mecwures which nature herself uses. Cn all the sciences, 
however, chemistry alone does this, and in consequence has made 
the most rapid progress since this plan, otherwise known as the 
atomic theory, has been employed ; for what is the atomic theory, 
but the substitution, for the incomprehensible and unmeaning rela- 
tion of pounds weight or pint measures of matter, of the idea of 
nature's unit, the atom 0/ matter mithovi reference to weight or me, 
except when these are required for practical porposes, and then 
asoeitaining the weight of each form of matter which nature bos 
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put into her nuit of eoch' eleanent? Eren yet some cliemists, 
ouable to riae to the clear conceptions this theoiy gives, nngnte- 
fully endeavour to set it aside as a "mere theory," naefbl, bnt 
imaginary, forgetting that, qnite independent of its chemical im- 
portance, all the physical sciences are rapidly coming within the 
scope of the atomic theory. They woold do bo completely and 
th^ progress be greatly increased, were it not for the tranunels 
of the units employed, based on arbitrary weights and mettsnres. 

196. HiAT Units. — Thus in heat we have many units, the nsniJ 
English one being i IK weight of water raised 1° in temperature ; 
and to connect this with any special work, and so valne it, we 
have to use whole rows of ^ures, each of which teaches only ita 
own lesson. In mechanical force we have thus the foot-ponnd as 
our English unit. Now nature knows nothing abont poonds or 
feet ; and as we therefore interrogate her in an unknown tongue, she 
was tmable to point out to us that between heat and medianical 
work there is a definite relation, and though she puts that &ct 
before us in a thousand ways, we cannot see it. Having, however, 
by the patient labour of many minds, at length discovered it, we 
do our best to disgnise it by saying that the unit of heat is equal 
to 77a nuit* of work. Now what sort of idea is conveyed to the 
mind by saying that raising the heat of i lb. of water 1° is eqniva* 
lent to lifiang that same pound of water 772 feet? Nor is the 
matter in the least improved by sabstitnting the French metric 
system for the English, for this is none the less arbitrary, the only 
advantage lies in the decimal system simplifying calculations. 

Yet all the while nature is calling on as to adopt her own 
system, to use her unit — the atom — ^for our unit. Thus, if we take 
several sabstances and heat them to the same point and measure 
the actnal heat abB<»bed, we o&n discover no relation of oanse and 
edect. We are using the wrong uoit, as the following table makes 
very clear : 



Subrtuw. SpedflcHoM 


Atomic Wfdgbt. 


Product or 
AlomicHut 


Lithium -94806 

Iron .■ -11380 

Gold -03544 

Flatiniim -OJHJ 

■Water i- 


f 


6-S9 
6-J7 
6-36 

6- 



In the first row of figures we have the relative quantity of heat 
necessary to raise i lb. weight of those several substances 1°, at 
ordinary temperatores ; that is to say, these puzzling figures are 
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all OUT unit, the ponnd, can teach us. The next column gives hb 
uatore's unit, and hj interpreting the first figures by this we get 
a aniform result, allowing for inevitable errors of olnervation and 
the euei^ absorbed in imtemal work, such aa espansion, &o. But 
VB still go on talking about specific heats ; we still call the atmnio 
heat 6-4, though natore is m^ing as to call the atomic heat i, and 
make this onr starting point, instead of the absiird, because arbitrary, 
pound of water. Now if we go to gases we have yet fiirther teaching. 



ProdiKt. Equal ydnines. 



Water as ate 
Hydrogen 

Oxygen.. 
Clilorine 



Here we have in the first row similar incomprehensible %iiras, 
reduced to comparative uniformity by taking the molecular weights 
into account Here we find the motecuiar heat of pure gases 
approaching the atomic heat of solids, while steam and chlorine, 
which are easily condensable, are intermediate, giving ns plain 
bints as to how we may trace out the relations of force to physical 
state, and to the work done in expansion and altering molecular 
structure ; hints which are mere unmeaning hieroglyphics as long 
as we persist in trying to deal with them by pounds instead of by 
atoms and molecules. 

197. If we now expose an atom, that is, any unit of weight, be it 
a grain, a gramme, of a pound of hydrogen, or, what comes to the 
same thing, an equal volume of any other pure gas under the same 
conditions, to heat, we find it requires different amounts of heat to 
produce the same heating efibct, according as we allow it to expand 
or confine it, la. according as we keep the volume or the pressure 
constant. Expansion means lifting the teeigit of the atmosphere, 
and whatever excess of pressure is put on the gas ; hence the dif- 
ference between the heats of constant volume aad constant pressure 
IS naUtre's um'f of work. Sj it she tells us that with the same heat 
or enei^ she ioaa either raise the temperature of one atom of 
elementary matter, or she can raise a given weight ; but if we are 
to nnderstand her lessons, we must make this weight, not the foot- 
pound, our unit, because then the unit of heat and work will be the 
same, and their relations will at once become self-evident. Had 
the metric system been based upon this prindple, using a fixed 
Tolnme of hydrogen at normal pressure as the unit of weight and. 
measure, instead of water, the syatem would be as valuable acienti- 
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fically as it is now pnctically, for it wonld have been correlated to 
the atomic STstem of nature, and ita relation of con^aut volume 
and preeenre would havo fnrnistied a fundamental unit for all the 
natural relations of matter and energy. 

Now to oome to pnr special subject, this same nnit of work and 
heat will furnish, ns with that of electrical force ; for it moet be 
remembered these nnita are abstract and relative, not concrete and. 
abeolnte ; we can translate their resolte into any system of weights, 
&0,, by simple mnltipli<Sation, just as a table of atomic weights is 
equally intelligible to an Englishman iising grains or pomids as to 
the Frenchman using grammes. 

Beautifully simple as the whole syatem of scientific measurement 
would become if this one natural unit were need as the base, it 
requires a great deal of work to be yet done before we can employ 
it, because so much work has been wasteftilly employed. We still 
need some very careful experiments to eliminate the various sonrces 
of error, and ascertain exactly what the true atomic unit is in any 
system of weights, and meantime it is necessary to employ and 
extdearoor to comprehend the units at present in practical ose. 

The system devised by the committee of the British Asoociation 
is the only one thoroughly worked out, and is now generally 
adopted in England in practice, though few people really under- 
stand it, and there is much confusion in the varions explanations of 
it ofEbred by different accepted authorities. The following is an en- 
deavonr to make it comprehensible to ordinary minds without mooh 
mathematical knowledge, and it relates principally to thoee parts 
of the system bearing upon current electricity. 

198. It will be best first to explain the object of the Byetem. 
The mathematical expression of the phenomena of electricity 
known as Ohm's law, is now universally accepted, and thoroughly 
satis&ctory ; it is entirely independent of any theory vhal«ver as 
to the nature of electricity, but merely expresses the conditions of 
the observed &ote ; and to do this embodies them under certain 
heads. The fundamental expression is that a force, be it what it 
may, produces the observed effects ; and this is called electromotiTe 
force, symbolized by E. Its necessary first consequence is a 
tendency to actum, which is called tension, potential, &o. This is 
opposed by the various eironmstances, moleCTilar construction of the 
substances, insulation, &c., all of which are embodied in the general 
term " resistance," symbolized by B, which again simply expresses 
a fact, but no theory whatever. The result is action measoied by 
the relation of these two, and called " quantity," Q 1 and when 
time is taken into consideration it becomes " current," or quantity 
in a given time, symbolized by C ; this is very commonly called 
" intensity of current," and symbolized by I ; this mongrel term, 
derived fnon the truislatore of the French phrase " intensity de 
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oonrant," etrength or amomit of current, leads to great confusiou of 
ideas, becaiue inteneity has, in the earlier BngliBh books, a dietinct 
meaning which correBpoade to tension, and has no oonnectioa witli 
current or quantity. The object of the B, A. Bystem is to fnrniBh 
a defined unit for ea6h of these mathematical expresBioiiB, bo that 
all the actions of electricity may be capable of exact definition and 
comparison with mechanical work. This object it would be impos- 
sible to carry out with the confused English meaBures ; therefore 
the systematic French metric measurea have been employed, and 
in these alone is it possible to explain the system, though an en- 
deaTOur is made, § 237, to convert ilA chief units, &c., int^fiuniliar 
Englieh measates. 

199. The Abbolctb Uhit.— The effect of a constantly acting 
force upon a body capable of motion is to move it with an in- 
creaaing velocity, and the strength of a force is meaanred by the 
** velocity " it has imparted in a given time, this velocity being in 
fact double the actual q>ace morod through ; thus the attraction of 
gravitation in England causes a body to fall at the rate of i6' t 
feet in a second, and therefore the velocity due to gravity in one 
second is 9-811 metres (English 32'a feet). But gravity is a 
force which varies with locality, becanse of the form of the earth. 
The theoretical unit of force most be unalterable and be expressed 
by single fignres ; this is the absolute unit, and any actual figures 
might be employed,' bat tboee selected are weight, i gramme; length 
01 space, I metre ; time, i second, and the fundamental " absolute 
nnit " is a force which acting for one second would give a weight 
of I gramme, a velocity of i metre per second. Some use the 
centimetre for small forces, but this is only a source of confusion, 
and in these pages nothing will be referred to but the metre gramme 
second as the absolute unit. From this are derived aU the other 
units as shown in the following formulie from the Beports of the 
British Association Ckimmittee, and given in Messrs. Clark and 
Sabine's work. 

200. FonKDi.2 or the Absolitte Uims. 
.1. Fundamental units. 

L Length or space = 1 metre. 

T Time =1 second. 

M Mass =1 gramme. 

3. Derived mechanical units. 

Work, w.!™. 



Foros, r=^. 



Velocity, V = 



T' 



Dor .«Jh, Google 
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3. Denred magnetiG units. 

gtreugth of a magnet pole 
Moment of a magnet 
Intenei^ of a maguetio field 

4, Eldctioiuagnetio eystein of unite, 

Quantity of electrici^ 
Strength of a carrent 
ElectromotiTe force .. 

>^ of condnctor .. 



n» = L$ T-' MJ. 
H = L-* T-' Mf 

Q = 14 X MJ. 

C = Li T-' Mi. 

E = L| T-' Mi. 

B = L T-'. 
5. Electrostatic system of units. 

Quantity of electricity .. g = Lf T"' M^ = t Q. 
Strength of current .. .. c = I4 T"' M^ = pC. 

Electromotive force .... e = LJ T"' M^ = ~ ■ 

Besistance of conductor ,. r = t~' T = — ^ 

e = 310,740,000 metres per second, the ratio of the electro- 
static to the electromagnetic unit of quantity. 

101. Values ot the TJhitb. — From the foregoing it resnlts that 
the absolute unit is a single expression for all the forms of energy, 
wliile the practical units in ordinary use have a known value, and 
ma; be converted into absolute units. 

A unit mf^^tio pole is one vrhich repels a similar one weighing 
I gramme at a metre distant with one unit of force. 

A unit qtuttUity of eleotrici^ is that which repels an equal 
opposite charge a metre distant with a unit of force. 

A unit ettrrenl is one which, in a wire 1 metre long forming an 
arc of a circle of i metre radius, repels a unit pole at its centre 
with one unit of force — that is, arranged as a, tangent galvanometer a 
wire forming a circle of two metres diameter would exert 6*28^3 
nnits of force on such a pole. The unit current in a straignt 
wire of i metre long, i«pelB a similar one i metre distant with one 
unit of foroe. 

When a magnet is moved into a circle of wire or the reverse, a 
current is generated in the wire, and the earth being a magnet ^e 
same effect is produced by it, and though we cannot do this really 
with tlie earth, yet the result is the same if we revolve a ring or 
coil of wire across the lines of magnetic force, only we get reverse 
currents at each half revolution, which, by means of oommutatcvs, 
can be converted into a continuous current in one direction ; the 
aids of motion may be horizontal or vertical, but its true position is 
at right angles to that of a dipping needle ; if placed in the mag- 
netic line no current is generated. 
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Let oa now take a. rii^ of i metre radins thns arranged Tertically ; 
as it reToIves, the curre&t reTersing when the ring ie at right angles 
to the magnetic meridian, and at the same time the ring altering its 
relation to a needle at its oentre, the action on this is oniform; the 
onrrent developed will depend on the nnmher of magnetic lines 
traversed, and therefore on the speed of revolution. As this 
increases, the needle will deflect more and mote, and when this 
deflection reaches 45°, the cnrrent is equal in action to the magnetic 
influence of the earUi, and this being known, the various relations 
may be calculated ; for, to quote an authoritative definition, " the 
nnit of eleotromagnetio force is the force of a cnn-ont, which, 
when it traverses a circular conductor, whose sectional area is 
equal to the unit of surface, and acts upon a magnet whose mag- 
netic moment is equal to nnit^, the magnet being placed at a great 
distance, and in each a manner that its axis is parallel to the plane 
of the oondactor, and ite centre in a line drawn through the oentre 
of the circular conductor, and perpendicular to its plane, exerts 
upon the magnet a Totatocy force equal to unity divided b; the cube 
of the distance between the centre of the needle Kud the centre of 
the conductor." 

The force of the current generated in this apparatus is evidently 
equal to two distinct things, ist The effort or work expended in 
producing the current, which generates an equal resistance to 
motion—that is, if we ascertain the amount of work necessary to 
produce rotation with the axis in the magnetic line, when no 
electric onrrent is prodnced, and that required to produce the 
same rotation when the current i> produced, the difference is the 
mechanical equivalent of the current, znd. The current, or, rather, 
the electromotive force producing it, is equivalent to the resistance 
of the wire in which it is produced, multiplied by the revolutions, 
and this may be expressed in terms of veloctty — that is, in the metre 
second, the unit of force, making force and resistance equivalent. I 
cannot put this in better terms than those of Dr. Ferguson, in his 
pbilosophioally written little work ; referring to the ring described, 
he says, "to reduce the motion of the ring to the equivalent 
motion " of the nnit metre length, " we must project the motion on 
. a vertical plane at right angles to the magnetic meridian. The 
semi-revolution of the sphere described by the ring projected in 
this plane is the area included by the ring — namely, 3*1416 square 
metres, and by a whole revolution twice this, or 6*2833 sqnare 
metres. If ten revolutions per second produce a deflection of 45°, 
the effective area is 62*832, which is equivalent to a metre slider" 
(or unit metre length) " moving at the rate of 62 ■ 832 metres per 
second. But we reckon the cnrrent &om i metre of it, so that the 
velocity of the ring must be 6'3B33 times increased to give 1 
no,-7«jhyGt.)tJ^le 
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metre tbe effect of the whole ciicimifereiice ; the equivalent velocity 
of the metre elider mnst thus be 394'7- The refflstsnce of tibie 
wire (of which the ring ia made) ia thus 394*7 metres per 
aeoond, and we can easQy ckLcnlate the length 01 it necessary to 
prodnce a resistance of i metre, or lOfioopoo metres, the B. A. 

It was by an apparatiu of this kind and by prolonged carefnl 
experiment that Uie actual Tolnes of electrio resiBtance were 
established, and by this the other required information and onits 
ascertained on principles which may be smnmed np in Fleeming 
Jenkin's words. " A battery or oUier rheomotor of onit electro- 
motiTc force will generate a corrmit of miit strragth in a oircnit of 
nnit resistance, and in the unit of time will convey a miit quantify 
of electricity through this oircnit, doing in the same time a unit <a 
work or its eqmvalent. These relations leave the absolute magni- 
tude of the series undetermined. Weber has proposed to fix the 
series in Tarious ways, but the most convenient, where measure- 
ments have to be mode by obsemtioDS conducted by the aid of 
magnets, is probably that in which the series is fixed by the defini- 
tion of ihe unit current, as that current the unit length of which at 
a nnit distance exerts a unit force on the nnit magnetiG pole. The 
definition of the nnit magnetic pole by Gauss and Weber, in its 
turn, depends solely on the units of mass, time, and length." 

302. F&AcnoAL Eleotrio TJnitb. — The absolute unit is an infini- 
tesimal thing having no existence, a simple agent for calculations ; 
in practice actual onita of suitable mi^nitude are necessary, and 
the connection of the nnits permits only two to bo selected, the 
rest follow from these by the laws of the system. Those selected 
were for electromotive force, one nearly approximating the Daniell 
cell, as a practical unit, yet a decimal multiple of the absolute nnit ; 
the other, for resistance, being a near approximation to an already 
well-known unit, Siemens' mercury tube. Names were given to the 
several units from those of distinguished electrioians. Thus were 
arranged the following : 

Electromotive Force and Tension the Volt. 100,000 

Btatio Quantity the Farad. -oi 

Beeistauce the Ohm. 100,000 

Quantity or Current the Veber 'oi 

303. Elbotbouotitb Fohob, — Force or energy is the generic 
term for the soorces of all the actions we are acquainted with, and 
modern scienoo regards it as motion in some form when Botive, as 

* ResiaUnce may also be regarded as a mechaoical reeiataoce, and meoeuted as 
the energy reqaired to overcome it. On thia Tiew i ohm is the equivalent of 467] 
foot-pouoda, § 15 7, under unit conditiona. 
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tlie tendency to motion when in the latent or potmtial oonditiou, 
WecaUit 

Work, OB relating to mosses of matter. 

Affmtty, in the chemical relations of atoms of matter. 

Cohe^on, in the relations of molecnles of the same body. 

Adheston or Miction, as related to the saperficial molecalea of 
different bodies. 

Beat, as related to the atoms and molecules of matter eaoh 
moving independently among its neighboara. 

Electricity, when connected with a complete ciiole of polarized 
moleculee, this being the eseential condition of electrical action. 

Electromotive force, then, is any action or power which tends 
to produce this polarized connected circle of molectUes, and its 
degree is measured by the amomit of tension or strain it oaa pro- 
duce on such a circle. 

Friction develops electromotive force through the adhesion 
between superficial molecules in contact. 

Chemical affinity by its efforts to break np the molecules acting 
on each other. 

Mechanical motion produces it by exertion against the action of 
molecules ; but all produce it only if the required conditions are 
present, otherwise they produce heat, £c. 

The Volt. — This unit is simply a measure of a static force, but 
there exists no standard of it, and it is therefore purely a matter of 
calculation, being the hypothetical force needed to fidfil the con- 
ditions laid down in§2oi. It is lo' or 100,000 absolale units. 
Its nearest practical representation ia the Daniell cell in perfect 
order ; the force of this cell is, according to the best authorities, 
1 *079, that is, the unit electromotive force is '9368 of a Daniell 
cell. As the force exerted in a thermo-electric battery is constant 
for given ranges of temperature, the standard volt might be obtained 
by ascertaining the number of the alternations of two metals, copper 
and iron for instance, the junctions of which alternately at the 
freezing and boiling points of water furnished the exact force ; but 
as the Daniell cell is a convenient and practical electromotor, 
always at hand and easy to experiment with, it is probably the most 
convenient, aobject only to correction by the above figures. 
Table Xviil., § 264, of the forces of the varioos other batteries in 
common use will enable calculations to be made of the forces of 
any combination. 

304. TxNSiOH.—This is very commonly r^arded as the same 
thing as electromotive force, but really it is its first action; 
although the two are always equal they are di£^rently localized ; 
the force lies only at the point of original action, the tension is 
distributed over tiie whole oirouit This is explained §215. 
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Tendon is unalogonB to prestmre, and is a purely static condition. 
Hence teoBion never manifests itself per se\ all the efibcts of what 
is called static electricity are effects of leakage, or they result from 
some action which alters the reelBtance of the circnit and which 
therefore also alters the tension. The reason of the enonnons tension 
of frictional or static electricity is that it is developed against high 
resistance, the circnit being almoBt entirely composed of dielectrics 
or non-condactore, sabetances of high specific resistance. 

The volt is the unit of tension also. 

205. PoTBHTiAL. — This word is growing into so mncb nse in 
electrical writings that it is perhaps desirable to explain why it is 
not used in these pages. That reason is that at present it has 
really no definite and accepted meaning. Two quotations from 
leading electrical writers will show that this is the case. 

Latimer Clark, in his 'Electrical Moasorement,' p. 10, eays, 
" We will now treat of electric lenaion or potential. The two tenns 
are perfectly synmymovi, bnt the word potential is generally pre- 
ferred by mathematical writers," Fleeming Jenkin, 'Electricity 
and Magnetiam,' p. 36, eays, " The word potential, introduced by 
Green, has only lately be^ generally adopted by electricians, and 
is BtiU often misunderstood ; it ezpreesee a very simple idea, and 
one quite distinct from ike meaning of ang other term relating to 
electricity." 

In fitct, the word is almost always used in place of tension or 
electromotive force, because there is something full and smooth 
sounding about it ; but the idea which really does belong to it 
is a pure mathematical abstraction which only highly trained 
minds can apprehend. What that abstraction is may perhaps be 
seen from Jontin's definition of the " simple idea." " Difference of 
potentials is a difference of electrical condition, in virtue of which 
work is done by positive electricity in moving from the point at a 
higher potenti^ to that at a lower potential, and it is measured by 
the amount of work done by the unit quantity of positive electridl^ 
when thus transferred." " The potential of a body or point is nsed 
to denote the diffeteoce between the potential of the body or the 
point, and the potential of the earth." 

Words whose meaning is indefinite are delusions, and as electro- 
motive force and tension have definite meanings which the mind 
con grasp, those words are used here. The, idea "potential" is 
really meant to convey, is one required only in the highest and 
most delicate branches of electricu science, and the word is best 
confined purely to its proper object. 

206. QuAmiTi, — Thb Fakad. — There is a considerable amount 
of difference among authorities as to this unit, only, however, as to 
a difference of a million times; it will probably be ultiiimtely 
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eetded on the basis of tlie doctrine in § 201. Clark defines it as 
" that qnantity of electricity which, with an electromotive force of 
one Tolt, woold flow throngh a reeistance of one megohm in one 
second." This is not in accordance with the principle, but really 
describee one-millionth of the true nnit, or what Yarley calls the 
microfajod. 

Although the f^rad is thus described as flowing, it really is 
a static nnit ; it means the amount of charge a condenser ia capable 
of, and its most common nse is as a measurement of the static 
ohai^ which each wave of electricity imparts to a cable before it 
makes itself manifest at the distant end. 

It is therefore the nnit of capacity, § 60, and as it belonge to the 
subject of cable telegraphy is best studied in technical works. 

207. CuBKKNT. — Thb Tbbeb, — This obviously should be the 
same thing as the nnit of static quantity ; it is furnished by the 
fundament principles in accordance with Ohm's laws. Thus 

E 
G = ^ the onrrent is proportionate to the electromotive force 

divided by the resistance ; substituting' units, therefore, this gives 

- = I, or by the actual values in absolute units, 

Tolt 100,000 ^ , 

^Tf— = = Veber -oi, 

Ohm 10,000,000 

or one hundredth of an absolute unit ; and therefore, by the laws of 
the current, the enei^ absorbed by a Veber current in an Ohm 
resistance is (io~')' x 10' = 1000 absolute units. Some works 
give the unit of current as one-hundredth of this, but this is a 
mistake. The ohemical value of the Veber is shown in § 224. 

308. EBsiaTANCE.— Thb Ohm. — Here we have something really 
deflnite, for it has a flxed value ascertained, and standard measures 
are issued. It is ec[ual to ten million absolute nnits. Besistance is 
so important an item of electrical science that it requires full 
explsuation. It is whatever opposes that act of poIarizatTon and 
disohai^e along a chain of molecules which constitutes the electric 
current, and every substance has its specific resistance ; this means 
that each such substance requires a definite exertion of force to set 
np the state of polarization and effect discharge. When this resists 
ance is very great, the substance is a non-conductor or dielectric, 
snch as guttapercha. In metallic wires each also has its apeoifio 
resistance for given lengths. These various actions are explained 
ander the diffeent heads; but let the actual cause or source of 
resistance be what it may, all may be expressed by any one, and the 
most convenient is the measure of loi^th of a wire of known resist- 
ance. Hence arose a great variety of units based np(m any standard 
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whioh «u tt htnA, auch as a lei^tli of oopper or direr wire of a 
given size. Of them arbitraij aultB Siemena' is really the best, 
becanae baeed on meroniy, a met^ easily obtained pure ; it is one 
metre In length of mercnry in a glass tabe one miUiinetre diameter 
at the freezing point of water. Varle/s unit is a mile in length 
of No. 1 6 oopper wire, bat this is a very uncertain meaanre. 
Wbeatetone nsed a oopper wire, I foot of which weighed loo graiuB, 
The Btondard B. A. nnite or oluns are made of an alloy of plBtinam 
and eilver, which changes its reeistance very little with change of 
temperatnre, and copies are made in German diver wire by com- 
parison, withont reference to actnal length and size of wire ; any 
required resistance is obtained bymnltiplication; bnt we most have 
an actaal standard unit to start from. It cannot be too strongly 
impressed upon any one wishing to really ondorstand eleotriciiy 
that he should obtain his measorementa in this actnal definite 
standard, and obtain or prepare such instruments as will be hereafter 



309. The following Table by Mr. Tarley gives a oompreheoBive 
view of the nnits. 

Table VIIL— B. A. DunB. 



Oapaoitj 
Foieatial 
Quantity 



Ohm 
Farad 
Volt 
Veber 



MioroKmad io-"3 
Mioroveber 10-* 



Hicro&rad 



_ Volt ^ 10^ 

Ohm 10' 

Volt 

Megohm 

_ Vebor _ n 

~ Volt ~ 1 

Mieroveber 

Volt " 



The microfarad here represents what is usually called the &rad. 

For the Bake of those who may not understand these formulie it 
may be well to say that the small figures mean the several 
"powera," or repeated multiplication by the main figure, this 
being here 10, it may be shortly said that the expressions mean i 
followed by as many o's as tite smidl figure shows. Thos 16' 
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means 10,000,000 (ten miUiou); the negative sign places the OB, 
lesB one o, before the i, thus io~* ia -oi (one hnndredth),_ The 
index figures in feet mean that the prinoijal figure is moltiplied, 
or if ', divided, once lees than the index ; they represent what are 
called the powers of the numbers, or if negatiTe, their roots. 

210. Hbsibtanoe MEiBimKB. — Theae for ase as weights in ordi- 
nary weighing, by comparing the nnhnown resistance against a 
known one capable of variation, g 2 14, are made in many forms, 
and most electrical works give descriptions and drawings of the 
earliest satisfectory instramentB, Wheatetone's Eheostatfl, made in 
two forms for high and small resistance. The first consists of two 
cylinders, mounted on a stand, and provided with handles for 
winding them: the one is brass; the other wood, with a screw 
thread cat in it ; a fine brass wire connects them, so that an; 
length of it may be wonnd into the screw thread, and thus have 
its tnms kept separate. The lei^th thns wound on the wood 
cylinder measures the resistance. A great source of imperfection 
is that as the metal tomisheB, perfect contact with the brass 
cylinder is impossible, and the resiatanoe thns varies. The wire, 
&e., should be well gHt to avoid this. The same remark applies 
to the other instrument, which, however, is much more osefol than 
the first, if this precaution be taken to ensure the perfect cleanli- 
ness of snrfaces. 

Wheatstone'i Bheogtat.—A wooden cylinder, about 10 in. by 
3 in^ Fig. 50, has the wire (German silver gilt) wound upon it, 



either in a shallow groove, or with a separating cord cemented to 
the wood, in such a manner that the wire itself forms a complete 
projecting screw thread from end to end. Stout brass arbors are 
secured to the cylinder, and to one of them the commencement of 
the wire is connected by a stout copper strip, the o^er end of the 
wire being fixed to the wood itself. The cylinder is then mounted 
on a stand, and provided with a winch handle to turn it. The 
stand may be of wood, and upon its frame is fixed a stoat gilt 
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copper rod parallel to the middle of the oylinder. This rod 
carries a traveller raadk of a short piece of well-fitting tabe, 
fitted with a wheel grooved to take the wire ; this wheel works in 
the screw thread formed by the wire, and the cylinder revolviiig 
moves it along the rod, thus including in its circuit various 
lengths of the wires. One bindii^ screw is connected by a stent 
spring to the first arbor of the cyUnder, and so through the wire 
and traveller to the rod, the end of which is connected by a stont 
strip of copper to the other terminal binding screw. 

(A conree there is a fixed resistanoe here independent of the 
length of wire, and the great defect of the instrument is the ten- 
dency of this portion to vary by accidental obstacles, dirt, &c., 
at the various points of contact. The greatest objection, however, 
is that it is arbitrary as to measure ; it gives by reading on the 
bar, or on a scale, the nnmber of turns of wire inoloded, and by a 
pointer on the end the portions of a tnm, bnt it would be diffioidt 
to make these divisions coincide exactly with those of a definite 
standard, such as the ohm. This may be overcome by ascer- 
taining exacdy what length c^ the wire eqnals one ohm, and then 
arrangii^ a table giving the corresponding divisions. By careful 
adjustment of the diameter of the cylinder to the length of a wire 
of known resistance a veiy near approximation might, however, be 
obtained ; thns, suppose a wire of about i8 gauge, when gilt, gave 
30 ft. for one nnit, by turning the cylinder so that it exactly 
received i ft. pet torn, each turn would represent '05 of a unit, 
and hy marking the circle on the end in five divisions, each 
marked in ten, would divide the unit into 1000 divisions, the larger 
divisions being marked on the bar, or by means of proper wheels 
and another hand, npon the end plate. In this case one nnit or 
ohm would occupy about ) in. or 4 in. in length of the cylinder, 
but of course an instrument might also bo made with much finer 
wire, and thns include considerable resistance. 

A modification, enabling the instrument to measure eleotro- 
motive force, is shown § 270. 

211. Besistanos Coilb. — These are easily made up to any 
resistance. They are commonly mounted up in sets, giving looo, 
10,000, or 100,000 unite, and are very expensive instruments. 
The usual plan is to make up coils correepotiding to the required 
divisions, and connect the several terminals to massive blocks of 
brass arranged nearly in contact, so that a hole bored at the junc- 
tion will connect the a^oining blocks when filled up by a metallic 
plug. 

Fig. 5 1 shows this mode of connection, which is veir largely 
employed in electrical inetrnments, tel^jraphe, &c., and by due 
anai^ement of blocks gives the power t^ arrangemeot of oiionit 
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in the nuuiy instromente known as commutators, Bwitcbes, stimta, 
(&c. When the pings aie inserted, the oirooit passes throngh 
them and there is no resistance ; bj re- 
mcring a plug the corrent has to pass 
through the wire, whose ends are con- 
nected to the two blocks. These bloc^ 
are oommonlj screwed apon a plate of 
ebonite or wood, &c., standing abore it : 
this has the disadvantage of allowing dnst, 
&c., to collect ; they should either be sunk 
into ebonite, which could be done before ' 
this is baldened, or else all die spaces 
should be filled up with pieces, so as to leave a smooth snr&ce 
ypSa. no openings but the plug-boles. 

To reduce tbe number of these connections, it is nsnal to make 
up the coils on tbe same principle that chemical weighte are 
divided, viz., i, 2, 3, 6, as by combination of these, 10, or any of 
its sabdivisions, may be obtained ; in other cases the combiuation 
of 1, 2, 3, 4 is used. These combinations have the advantt^ of 
requiring only four reels and four adjustments to each decimal 
series ; they are therefore cheaper to make in a lai^ way ; bnt 
they are more troublesome to use than instruments with complete 
decunal sets as described below, as they require more arrangement 
(^ tbe resiatancoH, and tbey are more conducive to miatakes as they 
necessitate the adding together all tbe resistances opened. In 
these instrtunents there is a complete wire circuit all through the 
instnunent, and the plugs " short circuit," or shut off so much of 
the wire as may not be required. In the next form, on the con- 
trary, there is no through wire, but such lengths as are required 
are thrown into circuit by a single connection for each decimal set. 

212. Deoiual Bebibtanoe lNSTBTJMm4T.— Consideration of the 
various advantages and evils of these instruments, both in prin- 
ciple and convenience of construction by amateurs, led me to 
devise an arrangement, which — writing as I do expressly to 
ud those who wish to construct instruments for themselves, and 
with the desire to famish not merely a r£chau£% of the scores of 
electrical books which are copied firom each other, but the result 
of actual thought and experiment, whether in new or old ground — 
I will now describe. In giving its mode of construction I shall 
endeavour to furnish such practical observations as my own expe- 
rience indicates may obviate difKcultiee likely to arise in the 
construction of instruments. The instrument described gives 
resistances varying from 1000 ohms to i-iooo, but for conve- 
nience of making and facility of reading, tbe elements are not 
distributed aa described in last Section, but in r^ular decimal sets 



160 



KLBCTRICITY. 



of mne exactly gimiUr parte, the termmal connections ftrranged as 
in Fig. 52, which repreeeuta one decimal set for any divisioii. 
£ach eroall circle repreeente a oonnection, § 213. G, the centre 
connection, leads either to the next series or in the last to the 
tenninal aciew. A ^ance will now show that the cnrreut enters 
at + which is otomected to ; if this is ootmected to C, the drcnlt 
pasBes direct from this to the next series, while if C is connected 
to any of the nnmbered atods, just so many dirisions of resifitonce 
are inoladed in the circuit. 




Fig. 53 will now show the complete arrangement: the npper 
sets represent whole numbers of units, the lower sets the decimal 

^ . D,o,l7PCihyGt.)t>*^le 
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diviaiona, all arranged in the nsaal mode of placing figniea. The 
resistance as it is shown, therefore, reads off 86}- 107 nnite. 
The dotted lines represent the fixed connections, and the path of 
the current may thna be readily, traced through the diagram. 

213. CoNBTBUOTioN OF KasrsTAHOB Instbumbht. — (i) Connec- 
tiong. Theae may be made like Fig. 5 1, only composed of a circular 
block aurroimded by a ring of segmental blocka with the necessary 
holes to connect each segment to the centre. 

They may be a central pillar with a spring traversing over a ring 
of studs or segmental blocks ; the spring should be wide enough to 
pass from stud to stud without break of circuit This plan ia very 
quick and handy in nae, but ia only aoited to large reeistancea ; 
tiie varying preasure of the spring, the coating of the studs with 
duat or amoke, makes a great difference in the contact resistauces. 
If employed, the spring should preas strongly, and all the faces be 
well gilt. The best plan, but troublesome in some respects, is to 
nae mercury cups, connected together by a bridge of atont copper 
wire. The cups are eaaily made by using for the top a thick piece 
of wood {say i^ in.) and boring holes through, and filling the lower 
half of we holes with a copper rod or screw, the end of which, as 
also of the linka, should be first well amalgamated. Braes screws 
will not do, as the mercury would penetrate them, and iron is 
objectionable, both for its resistance and aa being likely to dietnrb 
neighbouring galvanoiueters. ,Tho onda of the screws which pro- 
ject through the wood should be first tinned, ready for soldering 
the wires to them. Another plan for mercury cupa is shown § 179. 

(2) The coilg. The wire is usually laid upon reels ; these may 
be of cast brass with a projecting end screwed to go into the blocks, 
in which case one end of lite wire is aoldered to we reel. If mer- 
cury cups are uaed, and the instrument cannot be turned over, it is 
better to arrange short coils horizontally, instead of longer vertical 
ones ; fis to the middle line of the lower side of the top, a ver- 
tical board from which the proper number of rods project, and slip 
the reels on these. From each of the copper screws of tho cupa 
toing out to the side of the top two stout German silver wirea, all 
arranged in order along the edge, and use theae for connecting the 
enda of the coil wires to when moonting. The adjustment can then 
be made conveniently aa the instrument atands, the coila being all 
aocessible and removable. The wire, cut in lengths a little in 
excess of the resistance required, is doubled and laid ao npon the 
reel ; this avoids any induction in the wires, aa the current ia every- 
where reversed, and it alao preventa the coils from acting as magnets 
opon neighbouring galvanometers. The two enda are to be left out 
for connection, and in fine wires it ia desirable to join a stouter wire 
(m them to reduce risk of breaking just outside the coUs. If pre- 
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fbrred, the middle of the irire may be within tli« ooiln, so that the 
two ends are outward and accessible. 

It is not necessary to laj the wire on reels ; it may be doubled 
and rolled Dp in email coils if preferred ; this bos an advantage, in 
that it exposes more surface, and the beat of the carrent can escape 
more freely. 

(3) The wires. These sbonld be German silver ; it is nsnall; 
silk-covered, but cotton is equally good. It Is desirable to saturate 
the covering with paraffin, by baking tboroi^hly dry and dipping 
while bot into melted paraffin. This can be done either before or 
after layii^ tm reels. German silver wire varies very much in 
resistance, according to the amount of nickel in it. Of two wirea 
of exactly the same gange. No. 2 6, 8 ft. of the best balanced, lift. 
£ in. of uie commoner. The following are aboat tbe lengths of 
I ohm. 

No. Weight in graina 

per fooL ft 



9 3 



36 7-9 1 

29 4-13 1 

34 »"44 c 

It is, bowever, quite useless to measure lengths of wire, if any 
aconraoy is desired, becaose the resistance varies in each leogtJ^ 
owing to slight variattons in thickness, and still more to slight 
changes of q^ity, and the finer the wire the greater this variation. 
Thus, in No. 18 two trials differed only a quarter inch ; in No. 34 
many bials gave results varying from 6 ' .1 in. to ^ ' 2 in. It is useless 
also to adjust wires before winding, as tne strain upon them alters 
their size very slightly, and so affects the resistance, and this the 
more if, as ahonld be done, the softest possible wires are need. 

The size of wire is to be selected according to the purpose of the 
instnunent. If it is to be used as an actual resistance for varying 
currents (and such an instrument is an essential) large wires must 
be used, to avoid the effects of heating bv the current ; if it is 
required only for measuring resistances with the bridge, as only 
small and momentary currents pass, fine wires may be employed. 
The following sizes are suitable : 

Single ofaiDB No. 18. ii I lOo ohms .. No. 15. 34 

10 ohms .. .. „ !□. 19 I 1000 „ .. .. „ ji. 40 

Decimal sets need not be all of one-sized wire ; the larger sizes 
may be need for the first coils, and finer as the resistance rises. 
(4) Adjuttment. This is effected on the principles described, 
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§ 3i8, hy balancing against a etaadard. The ends of wire left for 
adJDatment are well cleaned, and shortened by crossing in contact 
till closely correct, when they abonld be twisted together and soldered, 
and the twisting and soldering continued until it exactly equals 
the standard. The following is a more perfect plan, the resnlt of 
many experiments. Having by mere contact, as before, ascertained 
closely the proper length, slide upon the two ends (first tinning 
them with the soldering iron) a short piece of brass tobe, also 
tinned,* and press it together so as to grip the wires firmly. Slide 
the wire ends through this, watching the galvanometer till the 
resistance shows closely right, or a trifle too 
smAll ; then tonch the joint with a soldering- Fig. 54, 

iron to secure it, and allow it to cool com- 
pletely. The final adjustment is to be made 
very carefully, by lightly filing away the joint 
ao as to lengthen the wires, or the wires them- 
selves, so as to incieaso the resistance until it is 
correct. With fine wires it ia well to join on 
stouter ends for this adjustment. When adjusted, the coils sus- 
pended firom the top con be inserted into a case, which is to be 
secured by a few screws to the top, and forms tho stand of the 
instrument. For further details of construction, see §216. 

(5) Subdivigiotts of an ohm. — These may, for ordinary purposes, 
be made by simple division of a length. Take 1 ohm in No. 16 
German silver wire ; measure carefaUy into 10 parts, and at each 
division solder a copper wire, to be tti^en aa close np as possible 
to its eonneotion. A copper or brass wire, No. 1 8, may be balanced 
against one of these tenths, and so furnish hundredths in like 
manner, and a length of No. lo will give thousandths. The snb~ 
divisions may also be balanced singly by a standard ohm, using the 
multiplying ratios of tho Wheatstone bridge. 

(6) The fixed reeiitance. — The permanent connections should be 
made with very stout copper, the whole of the connections arranged 
for short circuit (that is from o to C), and this fixed resistance 
measured, and added in calculations to the resistance shown. For 
use with the bridge it is well to use a pair of conductors in the 
proper opening, and to balance against these and the fixed resist- 
ance, a length of wire which, being cut in two, is to be used to con- 
nect any resistance to the measure ; then all bnt the actual resist- 
ance shown is neutralized, unless multiplying ratios are employed. 

214. MiASUBiNo Bebistanghs. — Electric resistances may bo 
measured in several manners by comparing them with other resist- 
ances of known amount, bnt the processes resolve themselves into 

With B solution of caustic 
K graoulated tm 
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two principles: (i) The comparing of eurrenla pro^nced against 
the resistances. ,(2) The comparing the tetuiong set tip ivithin the 
resistances. The first system may be applied : (i) By Ohm's laws, 
calculating the resistance from the known electromotive force and 
current, (a) By observing, with given battery conditions the cur- 
' rent prodnced, by means of a deflection upon a galvanometer ; then 
replacing the resietanced to be measured by a set of measured 
resistances, and altering these nntil the same deflection is obtained. 
(3) By a diSerential galvanometer, as described § 1S2. This pro- 
cess depends upon the laws of derived circnits, and directly balances 
the currents themselves against each other. 

The second principle, ^t of comparing tentUms purely, without 
any reference to the eurrenfs passing, is that of the Wheatstone 
bridge, BO called because a cross contact is produced between two 
points of eqoal and similar tension. It is also, and more appro- 
priately, called " the balance," because that connection does as truly 
balance the tensions t^ainst each other as the weighing balance 
does the earth's attraction, or relative tensions, upon bodies on its 
opposite arms. It is also called " the paroUelograin," because it 
forms a parallelogram of forces. 

The principle and the use of the instrument is extremely simple ; 
but in all the books where an explanation is attempted, it is made 
a very mysterious subject by being buried under two or three pi^es 
of algebraic formuhe, which make most people imagine that it is 
hopeless to try to understand it. The fact is, that the principle is 
a mere Bule-of-Three sum applied to the simple laws of derived 
circuits and to the distribution of electric tension in a circuit. I 
will state these as simply va possible, and then show how they 
are applied. 

The law of derived circuits, § 238, ia that the current will divide 
itself among among all the branches in proportions exactly the 
opposite of those of their resistances, i. e., in the inverse ratio of 
the several resistances. 

215. The distribution of tension is equally simple, if we clearly 
distinguish between electromotive force and tension, with their relft- 
tion to current. Electromotive force is the initial or exciting cause, 
be it what it may, which sets up tension ; it ia located at the point or 
points where energy takes the form of electricity. For our present 
purpose wo may regard it as existing at the sur&ce of the zinc plate 
in the liquid of a galvanic cell, and nowhere eUe. To thiu£ of 
electromotive force as existing in the vrires, only causes confusion. 
But electromotive force sets up tension, or a molecular strain, 
throughout the whole circuit, and distributes it over the circuit in 
exact proportion to the resistances. This applies equally to the 
whole circuit or to any part of it. Now tension may be, and com- 
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monly is, regarded as single, and reckoned " above earth or zero," 
but it is better to make our uotiODS accord with facts. 

Wherever we open our circuit, we find a positive and negative 
condition, a + and — pole of equal and oppoeito tension, these 
being simply the opposite faces of the partioles in the circuit ; just 
as a magnet is built up of innumerable partiolea, having each a N. 
uid S. face, all arranged in polar order, so is the circuit built up of 
polarized particles having opposite faces, which we may call 4- and 
— . It ia, therefore, far better to think of tonsioa as twofold, as 
representing the opposite strains or tensions of these particles. 
Fig, 55 presents this vie^, and shows how the force is distributed. 
A B is ttie dronit (whioh is regarded as a resistance divided into 
lO equal parts), starting from the face of the liquid A 0, in 
contact with the zinc, and returning through tbe negative plate 
(which may be anywhere according to relative resistances) and the 
onter circnit to the zinc plate, B D. Treating the electromotive 
force as a nnit, and calling its value io,we have a + and — tension, 
each 5, or a difference of tea»iona of lo, equal at the point of origin 
to the electromotive force, and drawn to the same scale as the 
resistance. The line D is, therefore, the line of distribution of 
tension, which is likewise divided into lo equal parts, vertical lines 
from which show the tension existing in any parts of the circuit. 
Thus from any points on the line of tensions C D, lines to the line 
of resistance A B will cut off a resistance eqnal in proportion to 
the sum of 4- and — tensions included in the intermediate resistance, 
and acting to set up current in that resistance. 

Now let it be remembered that the actual values of the force and 
tensions, or resistance, are of no consequence. Let them all be 
great or all small, or one small and the other great, these ratiot or 
proportioM will hold good. 

As yet we have regarded Fig. 55 as representing a whole oircnit 
and force, but it applies equallj to any fraction of a circuit. 
Bemembering the diatinction made between electromotive force 
and tension, yet if we take any portion of a circuit and ascertain 
tbe difference of tensions existittg at the two extremities of that 
portion, we may regard that difference of tensions as the electro- 
motive force operating within that portion. Iiet A B be only a 
tenth part of the circuit, then if the same unit electromotive force 
is considered to be acting, the actual difCbrence of tensions 
oonstitnting tbe force within this section of the circuit will be only 
1 (equal to one-tenth of the acting electromotive force) instead 
of 10, but its proportionate distribution over the included resistance 
will remain unaltered. 

But frrther, these same conditions apply equally if A B, this 
pOTtion of a circuit, instead of being a single path, be two or many, 
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the total current will divide itself among the paths in the inverae 
ratio of their reaiBtauceB, no matter how t£eBe differ, and the tension 




FjQ. 56. 



will be distribated in each circnit OTer that reHistance in propor- 
tionate ratio. To ehow this, it is more convenient to treat the 
difference of tensione as single, instead of a compound of + and — , 
especially as this gives ub conditions which enable us to compare 
electric tension with the pressure of water. 

Fig. 56 represents a two-branch circnit with the several tensions, 
bat these are not, aa before, on the aame scale as the resistance, but 
merely proportional. Let ns first regard the lines A.B, a b, aa 
vertit^ pipes, connected to the same reservoir of water at an 
elevation which produces a final pressure B C, & e equal in both. 
Now dividing the lines of height and those of pressure, each into 
10 purts, or, what is the same thing, dividing A C, a c equally, we 
get lines which represent the pressore existing at each level of the 
r>oi-7«jhyGt.)t>*^le 
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pipes ; bat, let us now suppose that one of these pipes, instead of 
being straight, goes &om a to c, or that it sees to any distance 
away which shftU lengthen its path to the level, or let it follow the 
dotted line between l£e Beotions ; still in each proportion of length 
oorreBpondii^ to the level of the vertical pipe A B, there will be 
exactly the same preBBnres in A B, a 6, and a e. The consequence 
of this woold be that at any snch level or line of equal pressure 
we might make a cross-comiectiiig pipe between A B and the other 
pipe, and there ivould be no tendency for water to pass bctosb, and 
if the connection contained air, it could not escape ; this would not 
be due merely to there being no action in the cross-pipe, for there 
would be action — the air in it would be snbjeoted to an equal but 
opposite presanie from both aidea, and would be compre^ed, and 
oould not escape, even though the water were rushing through the 
pipes, provided the conditions were all fulfilled. Bat let a 
connection be made between, say, 2 in A B, and 5 in a b, and then 
the contained air would be pressed np towards &, and when water 
was flowing, some would pass along the connection. 

The analogy holds when we consider A B, a &, to be two electric 
circuit?, branching from one condoctor at A a, and B b ; the pro- 
portionate tension is the same at CTCry equal proportional part of 
the resistance, and at such points connections may be made, and 
there will be no tendency for electricity to pass across the connec- 
tion, because, although there will be such a tendency at each point, 
it will be met by an equal but opposite tendency at the other end 
of the cross-connection. This will, therefore be in the condition 
of a magnet, with consequent poles in its middle. A galvantmieter 
in this cross-connection will ^ow no current passii^ ; an electro- 
meter would evidence no conditions of change. This will hold true, 
though the one resistance be a thousand times as great as the other ; 
still, at the definite proportional points, equal tensions exist, and no 



current can pass across. Fig. 57 shows the lines of Fig. 56, 
arranged thus as derived drcuits, forming part of a main circuit 
&om a battery. 
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ai6. The Wheatstone Betogx, Pig. 58, explains how these 
principles are applied in the ordinary brid^ 

The battery wires are led to the two screws &om which the two 
branch oiicnits 4- B E A — and + D F C — start, 4- and — being 
points of equal tensions for both circnita. 
Fig. 59. £ and F are fixed points in either ciroait 

connected to a galTanometer, which indi- 
cates a current passing as long as E and F 
, are not made to be of equal tension; it 

(Ol ^O^ will show no action when they are of eqnal 
~ ^^ ^^ cr^ tension, and the conditions of balance ftil- 
* OvJ>° * filled. There are thus four branches pro- 

P duced, and in each is an opening, made for 

the pnrpose of introducing such resistances 
as will fulfil the conditions of balance, those conditions being that 
iko four branches shall hold among themselves the relations of the 
elements of a Eule-of-Three sum ; as long as th^ do this the 
relations may be varied to suit each cose. Let us call the resist- 
ance in each branch l^ the letter placed in its opening. Then 

1. AsBistoDsois A toC. 

2. As B „ A „ D „ C. 

AsBuming C to be the resistance to be measured, the others being 
known, the rule gives its amount by two methods of arrangement ; 
the resistance coils may be placed in A or in D, and shifted till 
balance is made. Then if the resistances of the other two are 
eqnal, tho resistance to be measured is the same as that shown in 
the coil ; if they hold a known proportion, such as 1 to a or i to 10, 
&c., the resistance is either to be multiplied or divided by that 
ratio as required. 

It is convenient to treat one of the branches as the unknown 
value to be measured and G will be so used, bat the law may be 
generalized. The resistance in (0) is to that on either side of it, as 
that on the other side of it is te the fourth, and reversing this 
expression puts it into the ordinary Bule-of-Tbree sum 

B : ^ .-. J :: Gas above. 

Fig. 59 shows that we have thus four airangements at disposal : 

I. Equal branches and eqnal circuits. 
3. Unequal branches and equal circuits. 

3. Equal branches and unequal oircuils. 

4. Unot^ual bianchea and unequal circuits, 

,Gooj^lc 
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These fignres show that i is analogous to the ordinary weighing 
balance, and 2 to the ordinary steelyard ; they show also by 
ingpeotion which condition is the best, for 
throughout all nature it will be found that 
relatione which can be expressed sym- 
metrically are superior to those which are 
irregolar. No. i is the best, and it will 
always be found that measurements made 
with all four branches alike are most 
accnrate. No. 2 is next. These are liable 
only to actual errors of instmuientB or 
observations, but in a and 4 those errors 
are multiplied by whaterer ratio is em- 
ployed. 

The galvanometer should be one of & resistance also approxi- 
mating that to be measured, but very sensitive, the needle closely 
astatic and suspended by a long fibre. Of course, this element is 
not susceptible of much alteration, but for small reaistancca a good 
ordinary astatic galvanometer is best ; for large resistances the 
Thomson's reflector is best suited. The law for arraugement of 
the galvanometer resistance is that it should equal the joint 
resistances on either side of it ; but the best use of this law is to 
show with a given galvanometer what is the most sensitive arrange- 
ment of the three fixed branches. There should be, as shown Fig. 5 S, 
a commutator in the galvanometer connection, in order to prevent 
the needle from being thrown about by alterations in the biinohes ; 
it also enables us to make contncts in time with the rate of swing 
of the needle and thus either to keep on. increasing this swing, and 
80 get a noticeable deflection, or by opposing the vibrations, to 
bring the needle quickly to rest. This commutator has also the 
effect of allowing any inductive actions (which for the instant act 
as resistances) to be completed while the galvanometer is not in 
circuit, and so prevent its being disturbed by them. There should 
also be a commutator in the battery circuit, so as to allow current 
to pass only just when needed, and thus avoid heating the wires. 
For a aitni'1a.p rcBSon, as well as for economy,aa small battery power 
as possible should be used ; for all small resistances, one or two 
oells of a good battery will snfKce, but larger resietances, of course,, 
require more, in order to set up a sufQcient difiercnce of tension in 
the wires to allow a small range of resistance to send a current 
through the galvanometer. As <mly momentary currents are needed, 
a good manganese cell or two will answer, but an ordinary Buusen 
form, chained with biohromato of potash solution and snlphurio 
acid, in place of the usual nitrie aoid, is stronger. 

Fig. 58 is neceBsaiy to make the principle of oonstruotion oloar, 
Google 
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but the actual inBtrmnent need not take that form at all ; so long 
as the two ciicnitB are properly provided, their counectionB may be 
arranged in any way : in fact it is better not to have the galvano- 
met«r standing upon the bridge, but separate, so as not to be shaken. 
Thus a board 6 in. x 3 ui- aiid a dozen binding screws will make a 
bridge : a piece of stont sheet copper, 2 in. square, cut across 
diagonally, and holes drilled near each comer to pass binding 
screws throi^h, will make the two ends, and two strips ^ in. long, 
each containing three binding screws, will make the middle portion 
of the two circuits. It is still more conTenieut not to set the 
binding screws for + and — , K and F in their places, bat to take 
connecting wires from those pointe and lead them to a pair of 
screws at one cod for the battery, and a pair at the other end for 
the galvanomelar. A still more perfect arrangement is to lead one 
of each of these pairs of wires to a commutator fixed on the stand, 
and from there to the Hnding screw. The best commutator for 
this purpose is one which makes the two contacts successively wifh 
one toveh, as shown in Fig. 6a 

Fio. 60. 



A block of ebonite or dry wood is cut with three steps, and upon 
each is secured a spring, having a stem passing through the block 
for a conductor : on the faces of the npper two springs are soldered 
platinmn contact pieces, and also on the lower &ce of 3, and the 
top of the stud forming the fourth connection ; insulating pieces of 
ebonite are cemented to the face of 3 and 3 to prevent contact : i 
and 2 form part of the circuit &om one of the battery binding screws 
to the + or — point of the bridge, } and 4 are in the same way 
part of the circuit &om E or F to one of the galvanometer screws. 

We have thns an excellent skeleton of the bridge, which requires 
the means of filling up the openings A B D to complete it ; one of 
these is, of course, a resistance coil, §§ 21 1-2 13. For the other 
two openings we require simply two equal or proportional resist- 
ances, which may be mere lengths of wire, but should be two 
properly fitted resistances, variable as required. The best ia a set 
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I described for the reeistance instmmeiLt itself, 
, lo, 50, 100 ohiuB, and bo on, aa required, which 



mode exactly s 

containing 1, 5 

being made all contimioiia, require coile i, 4, 5, 40, 50, and ho on, 

with the power of throwing the required length into oirooit. The 

beet plan is to combine all these tesistances and the bridge in cme 

instroment 

217. CouBiNED Bbidox AND BusisTANOBB.^Fig, 6i shows the 
ordinary post-office pattern arranged to act as a bridge. The 
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right-hand commatator is that of the onrrent, &om which it will 
be seen the oironit goes to the middle of the upper line, which is 
the two variable resistances (as in B D, Fig. 62), when the left- 
hand ping marked Inf. is removed. The reeistancee from D to £ 
are the branch A, Fig. 58, and between C and E the branch G, the 
reeistance to be measured. The uses of the instmment are the 
same as that to be next, described. When both Inf. pings are in 
place the instmrnent can be nsed as a direct resiBtance thronghont. 
Its relative advantages and defects are shown, S 2 1 1 . 

3 1 S. Deoiuai. CoHBiNsn BRmaBB. — Fig. 62 shows snoh an instm- 
ment, devised npon the principles of the resistance instnuuent 
§ 312. The lettering of the parts corresponds to that of F^. ^8, 
so that it is easy to trace the connections and the manner in which 
they fulfil the conditions of the bridge, -f- and — are the binding 
screws for the battery wires, and their connection may be traced to 
-t- within the instrnment, and through the commutator to — at the 
other end, these being the points at which the real bridge (the 
derived circuits) commenoes, B and D are the two variable 
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FesiBtAaceg of each cironit, one of which, D, ia contmned thraagh 
a,b,e,d, the teaistance measure ranging from i ohm to 10,000: 



the other braDcb goes direct to £, and is then continued to B, 
which forms with — the connections for the teaistnuce to be mea- 
snred, and thns ooDstltuteB the fourth branch. The nentral points 
WF are connected to the galvanometer screws, ooe direct, the 
other throngh the commutator to g, which with E is the connection 
to the galvanometer. The instrnmeut is shown as arranged for ordi- 
nary measurements, as though measuring a resistance of i ohm ; 
hy means of the multiplying ratios it would measure a million 
oIupB or the thousandth of an ohm. It may also be employed as a 
direct resistance through £ and — . 

In the dit^ram there ate 9 coils to each set except the single 
ohms, it baTing been designed from the resistance instrument, 
§ 212, which hfts three other seta for dividing the ohm to thou- 
sandths, which sets can easily be added to this if desired. In the 
present instrument perhaps it would be an advantage to divide the 
oiides into 1 1 parts, so as to make each set a complete decimal 
unit without throwing any others into series. This is done with 
the single-ohm set, as otherwise there would always be some difB- 
colty in making up even numbers, and there would be 1 ohm short 
of the 10,000. 

The mode of construction is identical in principle with that 
described, § zij ; but the explanation is given here how to carry ■ 
this into effect, so as to build up the complete instniment aoonrately 
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from a Bmgle standard ohm, where the maker has not another 
inatrument to copy, A temporary bridge, such as ia deecribed, 
§ zi6, is required, and at least foor exactly eimilar wires as con- 
ductors for use in the openings A C ; two similar wires should be 
soldered to F and + within the instrument nnlcss mercury cnps or 
binding screws are inserted there, as these are the starting points 
of the various resistances. To avoid oonfneion in the lettering, 
during the i-eet of this description the letters which relate to the 
temporary bridge will be enclosed in brackets. 

Connect the batteir and galvanometer to the bridge, and place 
the standard ohm in (A) with two wires of near an ohm resistance, 
and as nearly as possiblo alihe in (B) and (D) ; and in (C) a wire, 
which make to balance the ohm. Now change the wires in (B) 
and (D) one for the other ; if they were exactly alike (A) and (C) 
should still balance ; if they do not, shorten one of the wires (B D) 
till balance ia again produced, and ascertain the exact difference of 
length necessary for the purpose ; shorten the wire by ha^ this 
length and reodjnst (G) ; now, if care has been taken, balance will 
be undisturbed when (BD) are again exchanged. In all cases 
this must be ensured before any reliance can be placed upon 
measures taken. Make in {G) two exactly similar ohm ooils which 
should be terminated, not with binding screws, but with No. lO 
copper wire, to go into the screws of (B D), and asoertain as before, 
by exchanging, that tbey are exactly equal, as on this will depend 
the accotacy of the instmment ; they may be incorrect ohms if it 
so happens, but they must be exacdi/ alike. 

These being in (BD) connect the standard in (A) by two of the 
eqoal conducting wires, and by two others connect (G) to F and 
+ in the instrument, and adjust the coil of D i to one ohm exact, 
inserting the shifting connection as shown. Then insert the con- 
necting wires from (G) in o and i of a, and adjust the first ohm 
coil, the two ends of wnich ore soldered to those oonnectionB ; if 
mercury cups are used, this is done by amalgamating the ends of 
the conductors, and dipping them into the cups, or two of the 
conducting wires can have pings on tme end if plugs are used ; " if 
other connections are used, a copper wire should be attached to 
each long enough to be conveniently attached to and form part of 
the conductors. Bepeat this with eaoh of the ten separate ohms, 
adjusting them one by one. 

Now disconnect the standard ohm and insert the two wires from 
(A) in a 0-5 and those from (G) in + and P as before, and adjust 

• In this cane it will be dMirahU to ban holes bored in the aegmental blocks 
(correspond ing to Fig. 51) forming the ring of coQQectionB, by, which to make 
direct connection to each Beparate coil : aorews may afterwards be passed through 
these bole* to secure the blocks to the top of the in-' • 
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D 5. Tlien indading a a to la in (A) make in ^C) tvo Approximate 
lo-ohm coils. Place these in (B D) of the bridge, with the eame 
precautions as before of exchanging and equalizing them, and 
make a correct lo-ohm coil for nse in (A) of the bridge. Using 
this as dte standard ohm was naed, go throngh exactly the same 
stages aa before, and ao adjust D io,bi— 10, and D50. When this 
is done, a and b together will Aimiah the basiB for a ioo-«hm coil, 
allowii^; in the connecting wires for the extra resistance of the 
fixed connection between a and b. Go tbroogh the same process 
with e and d till the whole 10,000 ohms is boilt np and those of 
D completed to saoh extent as is desired. The coils of B may be 
also adjusted at the same time, and in a similar manner «ith Uiose 
of D, by using the £ connection instead of F ; bat it vrill be much 
better to balance them direct by the instrument itself against those 
of D by conneotiDg in turn in B — the standard, 10, 100, and 1000 
ohm c^ls, and opening equal resistances in a,b, e, d. The fixed 
connections shown in thick linee are secured to the lower face of 
the top, and aa they form the closed circuit of no (measured) resis- 
tance from F to — , tliey should be of the stoutest copper convenient, 
snch as No. 10 donbled, as this resistance is a source of inoccnracy 
with multiplying latios. The connection between B and £ is to be 
also of copper, and to exactly balance the other connection, by 
putting F — (the movable connectionB being all on o of each set) 
in (A) of the bridge and E B in (C), and a^jnsting the length of 
this to balance. Tida should be d<Hie before adjusting the coils. 
If great accuracy is desired, this reEostance should also be measured 
once for all, and a oorrectinn made for it in obserrations when a 
multiplyii^ ratio is employed. If all is oonect, with i ohm in R 
and — (connectionB in tiie ohm) and one ohm in S,ahcd onght 
to balance the ohm, or such multiples as D is set at, should be 
required ; which last is unlikely to be exactly realized by any one 
not well jffactised in adjusting. In eaoh of the sets, care should be 
taken that any little residual errors should be alternately opposite, 
BO as to rectify each other as the resistance increases, instead of 
the error aconmnlating. While adjosting, the greatest core most 
be taken not to hold the wires in the hand, or to expose them to 
any unequal heat ; and when that is necessary, as in soldering, to 
allow them to cool perfectly, otherwise the resistance will be wrong. 
In using this, or, indeed, any form of bridge, it is desirable to 
make it a rule to always connect the battery and galvanometer in 
one way, bo that the deflection at once tells whether the resistance 
is too great or too small. When exact balance cannot be obtained, 
as when part of an ohm is required, observe with a resistance too 
great and one too small the opposite deflections produced ; the 
di&renco between them will show how much to allow. 
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219. The British Asbooution BniDaB. — This is a special form 
devieed for adJoBtrng nnits. It is provided with a length of plati- 
num iridium wire, with a scale and a moving clamp which oorres- 
ponds to the point + in the previous fignres; it, in tact, hy slightly 
moving on the wire, alters the relation of B and C, and serves Uie 
purpose of the plan described for correcting erroneous wires ; as 
long as A and G are unequal the damp has to be moved to one or 
other side, bat when they ore made equal, the clamp has to occupy 
the middle of the scale. A full description with dtawings is given 
in the ' Eeports of the Committee on Mectric Standards.' 

There are also a great variety of forms made for different pur- 
poses, bnt the principle is alike in all. 

Condensers of known capacity may be used in the branches 
instead of the resistances, and an electrometer in place of the 
galvanometer ; but this plan is employed only in ootmeotion with 
long submarine cables. 
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320. These terms are the conTerse of each other, bat there is 
this important difference — Remtanee is absolute and measurable 
in standard or other definite units. Conductivity is only relative or 
abstract; though it is nsually stated as relative to copper as a 
standard, still &is ie only relative as it fixes no dimensions. Gon- 
dnctivity can be ascertained only by ascertaining the actual resist- 
ance in a given case ; then by calculating what would be the 
resistance of pure copper in like conditions, we obtain the relative 
conductivity of the Bubstance examined. 

231. Sfxcific CoNnnoTiviTT. — Under the same conditions of 
dimension, different substances offer very different resistances; 
that is to say, each molecule requires the exertion of a definite force 
to break it up, and the action takes place quickly or slowly under 
equal force according to the specific power of reaistance. This is 
a pure matter of observation and experiment, and our moat reliable 
authority is Mathiessen, &om whose labours most of the inform- 
ation in Table IX. ia derived. CoL II. is the specific oondnctivity, 
sQver being taken as a standard. 

AUogs usually have a higher resistance than that of the mean of 
their components, which appears to indicate that an actual chemical 
combination has occnrred, not a mere mixture of the metals. This 
property even affords a means of classifying alloys as of these two 
orders ; thus the alloys of tin and lead differ slightly &om the 
mean, while that of tin and antimony has only -g^ui of the mean 
conductivity, indicating a much closer combination. Other physical 
properties attend this olassifioatiou. 

Alloys are also affected by heat, as to their conductivity, dif- 
ferently from pure metals, which it will be seen renders some of 
them very useful. Particulars are given in Table IX., below the 
.pure metals, of a few of the most useful allo}^. As a consequence, 
ordinary commercial metals (which are always alloyed with foreign 
matters) have a higher resistance than pure metals, a fact of great 
importajice as reguds copper. 

nioil7PCihyGt.)t>*^le 



CONDnCTIVITT AND EESISTANCB, 177 

ai3. Habdhebs generally increases the resiatanoe of metals; 
this shows that transmission of electricity depends npon molecular 
oondition, for hardness is a state of stronger cohesion and rigidity, 
and therefore of lees freedom of motion ; annealing diminishes tMs 
strain, and allows a readier motion of the molecules among them- 
selves, and this also allows electricity to pass more freely. This 
is shown in the table. As time and the passage of electric 
onrrent produce a softening effect, it is important to use soft 
vires in instruments whose resistance is to be constant, and 
wherever it is required to be low, as in galvanometers. Soft wire 
is also much more easily arranged. 

333. Ck)sDtrcTi7iTr AND Heat. — Afl a rule,. the conductivity of 
metals varies in the same manner for both forces — a very strong 
indication that the modes of transmission are similar, and that the 
forces are of similar nature. 

Variation of temperature has a remarkable influence on the con- 
ductivity of bodies. As a rule, the resistance of liquids diminishes 
OB the temperature rises, while that of metals increases. A glance 
at Columns IV., V., and VIII. of Table IX. shows that the influence 
on pure metals is nearly nnifonn, not as regards their actual, but 
thefr relative resistance. Thus, whether a metal have a hif^ or 
low specific resistance, that resistance increases -in almost exactly 
the same ratio — for instance, bismuth and copper (Oolumn V.) — 
and it is very probable that slight differences shown are really due 
to some impurity in the metals, which are not readily obtained in 
perfect parity. Column VEEL is taken from Fleeming Jenkin, as 
also VI. and VII. 

Mercury, however, is an esceptiofj, owing to its liquid condition, 
no doubt ; and its slight variation is an additional element of 
advantage in treating it as a standard for units. 

But aUoys differ fnim pure metals in boiog much less affected by 
change of temperature, which, together with their greater resistance. 
Tenders them suitable for measures. 

As the current itself heats the wire, the resistance varies from 
this cause just as though the heat were external ; and it is important, 
therefore, in measuring resistances to nse a low power. The mode 
of correction for the effect of temperature is given in § 229. 

224. Laws of Rbsibtanox. — In a conductor of uniform quality 
and form, resistance varies directly a» the length ; for, if we double 
the length, we double the number of molecules to be acted on. It 
varies tmrersely as the teetional area; for if we double this, we 
double the onmber of molecnlar chains which offer a path. This 
latter fact may be varionsly expressed, it may be said to vary 
inversely as the weight in a given length, for tlua increases as the 
section does, or we may say it varies as Uie square of the diameter 
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of the condnotor, for the sectdoiul area increasee as the sqn&reB of 
the diometera. 

These Uws apply to all ooadnotorB, liqnid or solid, but it is to 
wires that their appliontiou ia most direct and important. 
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325. WiBEB AND THBiK PBOPHBTiBa. — ^It IB essential to those 
using, and still more so to those making, electrical inetmments to 
obtain thorough infbrmatioii as to the properties of wires, especially 
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of copper. To ttiis end many of the published books contain tables 
and a collection of formnlra ; bnt anyone who tries will find that it 
is impossible to obtain concordant results from theTariona fonnnln. 
A similar difficulty arises in practice. Wire is usually bought by 
Birmingham wire-gauge. Hore is, however, a name without an 
object belonging b> it; for no human being can tell what the 
Birmingham wire-gauge is, and different dealers will differ two or 
three sizes, while, in the finer wires, it is a mere chance what will 
be obtained for any gauge asked for. 

When gauges are mentioned in this work, the size meant is tljiat 
given in Col. I. of Table IX, which are those given in Culley'a 
work, these being ootnmonly accepted among electricians. The 
remedy for this confusion is to abandon the gauges alfo^tber, and 
fall back upon definite principles, of which there are two available 
(i), the measured diameter of wires; (2), the weight in a given 
length. This latter is already employed on the large scale, as in 
contracts for telegraphic purposes. All who wish to work satisfac- 
torily should adopt one of these plans, and purchase their wires, not 
by gauges, but by definite measured diameters, or by their weight 
in a given length, such as per foot or yard. 

In showing how to apply these principles and in the fonnulte for 
the purpose logarithms are used, because this is the simplest mode 
of ^culation, as well as the most accurate, rapid, and least 
fatiguing to the brain ; their use caimot be too strongly recom- 
mended to those who have to make many calculations of any kind. 
The examples and formulie having their decimal values given as 
nsual CKa be worked out in the ordinary manner by those who 
prefer to do so. 

226. For electrical purposes, in addition to the ordinary com- 
mercial considerations of weight, length, and strength, we must 
include electric resistance, the laws of which are given in § 224, so 
that if we fix upon a definite unit, which includes weight, length, 
and resistance, all considerations are resolved into mere multiples 
of that unit. 

Although we may buy and speak of wires by their diameters, this 
principle means that we should think, not of their diameters, but of 
their sectional area, which varies in the ratio of the square of the 
diameter; we must, in fact, regard the wires, not as single cylind^«, 
but as though they were built up of a series of parallel unit 
cylinders of definite properties. Of course, the metric measures 
would furnish the best system, but as this is practically out of the 

Saestion, the best plan available is to take for the unit of measure 
le One-thousandth of an inch, already frequently so need, and 
called a " mil." Bince wires are ronnd, and the areas of circles 
increase as the squares of the diameters, we should regard the 
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" mil " as a oironlaT wire. Then, hj aqnariiig the diameter in 
" mils " of any wire, we obtain direct its area ia oircnlar mils, — 
that is to say, the number of imit wires to which it is eqaivalent. 
To make the nnit complete, ite length mnst be defined, and 'the foot 
is the most oonrenient measore. But aa in eJectrioity we leqnire 
to include in our onit electric resistance as well as the weight, &a, 
it is still more convenient and generally usefid to make weight, 
rather than diameter, the basis of the nnit and the most gener^y 
naeful nnit would appear to be a wire, i foot long, weighing i grain. 
By OBceirtaining the relation of this, for each met&I, to the general 
circnlar mil foot, every necessary calcolation can be readily effected. 
This relation is given as nearly as present knowledge allows in 
Cols-VL and TH. of Table IX., p. 178. 

A wire is simply a cylinder oocnpying a certain measnrement of 
space; the weight of the cylinder will depend npon the specific 
gravil^ of the material whi<^ fills the space. 

A cubic inch of water weighs 25 2 * 456 gr., and this multiplied by 
12 and by '7854giveanB the weight of a circular inch-foot of water; 
and that multiplied by the Bpeoific gravity of any metal gives the 
weight of a circolar inch-foot of that metal, and thus the datom for all 
required calcolations. I will work this ont in logarithms, taking, 
as the basis, copper, specific gravi^ 8 ' 9, this being the ayerage 
speoifio gravity of g<x>d copper wire : 

Cabio inch of water 352*456 .. a-4031857 

lain, per foot i'079i8i3 

■ 7854, ratio of cirde to sqnare ~"i ■ 8950909 

Circular inch-foot of water .. J ' 3764578 = 2379 '3 

Specific gravity of copper, 8 -9 0*9493900 

Ciionlar inch-foot of copper .. 4-3258478 = 21176'! 

This divided by 1,000 x 1,000 = 1,000,000, gives the weight in 
grains of a wire of a circolar mil one foot long. In this way are 
obtained the figures in Column II. of Table X. of fhe variona 
constants required in calculations as to wires. 

By dividing 1,000,000, the circnlar ffltia in an inch, by the weight 
of the circnlar inch-foot, we obtain the sectional area in mila (or 
number of mils it occnpiee) of a wire weighing one grain per foot. 
This gives Column III, of the Table of Constants, 

1,000,000=10* 6-0000000 

Inch-foot of copper, 21176-1 . . 4- 3358478 

Atfb per grain-foot, G. 3)1*6741522 = 47*33 

sq. root 

Diameter of grain-foot . . . . 0*8370761 = 6*872 
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ABsoming as ooirect the reaistanoe of one foot-grain wire given in 
Table IZ., we obtain all that is neoessaiy to complete the data, viz. 
the TesiBtuioe of the unit foot-groin wire, which I hare oaloulated 
at 60° and inserted in Oolonin IV. of Table X. 



Besiatance of one foot-grain soft 

ooppor at ji°, '3054 
Oorrootion for 28°, i -0505 

Unit reeistanoe at 60°, IT. . . . . 



-1-3147097 
O'oasjio? 



"I ■ 3402304 = 



This nnit wire, one foot weighing one grain, and having, as pore 
soft copper, a resistance at 60° Fahr, of -31889 ohm, will now 
fDmiah any information iieeded by simple prooesses of calcolation. 

Let the following symbols represent the several elements ; 

d, diameter in mil$. 

d', square of d = sectional area in circular imh. 

te, weight in grains per foot. 

I, length in feet. 

M, grams per mil-foot of the metal, Oolumn IE. of Table X. 

O, area in miU (d^) of unit grain-foot, Oolumn III. of Table X . 

TJ, resiatonce in ohms cf unit wire, Colnmn IV. of Table X. 

fi, measured resistance at 60°. 

Table X.-^-Ookitants op Uott Wibe& 
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Calculations wonld require a correction for condnctivities varying 
from those given, or it wonld be simpler to obtain a new constant 
in place of V for any wire of wbich the actual conductivity is 
known, 

227. PoBitin-a o» Wises. — I. To ascertain the diahxtxb, d, 0/ 
ant/ wire, we^h and measure carefully any conveuieut piece, and 
reduce to grains per foot. Multiply this by the constant O in 
Colomn III. (47 - 22 for copper). This gives the sectional area in 
mih d', and the square root of this is the diameter in mile, d. 



d = ^wG, 
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£r. 4 ft. weigh 3 * 1 5 grs o- 4983105 

Dinded by 4 o-6oao£oo 

w, graiua per foot '1*8962506 = 0*788 

O, coaBtant for copper, 47-33 .. i-674i{22 

d*, sectional ftreft 3)1-5704026 = 37-10 

d, diameter in mil* o* 7852014 = 6' 1 

For other metals the proper oonetantB ehonld be need. 

II. The diameter being inioion, to aaeetiain Ike wxight of any 
length, or the lkroth of any weight ; mnltiply the aqnore of the 
diameter by Column II. of the Table, the graisB per aiiMoot. This 
givea the neigbt in grains per foot, from which all required wei^ts 
and lengths are aBcertaitiable by comnKHi arithmetic. 

« - (PM. 
Or, dividing the eqnare of the diameter by the area of the grain- 
foot 0, Colnmn III., will also gire the grains per foot. 

- ^ 
" " G* 

The sqaare of the diameter, by nsing the following constants, 
will give the particular information, in Mch case, f<^ copper wire. 

Loff. 
Feet per pound, divide hyd*. . 3305C0 5-5192502 

Yards per pound, divide by iP 110187 $'0421289 

Grains per foot, multiply by iP 0-0211761 "2-3258478 

Ponndsperiooofeetimnltiply) „, „„,, -,.,d„- o 

hjd>\. .. ..... .f °°°30252 3-4807498 

Fonnds per mile (English),) ^^_, _,, ,„ _ 

multiply by <P.. . ..7 "''•SgVJ 2-2033837 

Pounds per nantieal mile,) „,„,q,,, /;..,,,. 

maltip^by<P.. .. . | 0'°»84'4 a-265i5j, 

The same conetante, used in the opposite manner, will give tlie 
area, and hence the diameter of a wire, of which any of these 
particulars are known. 

III. Toateertain the KsaejAVCE 0/ ang leire at 60°, divide the unit 
resistance TJ, Column lY., by the weight in grains per foot. This 
gives the resistance per foot, which mmtiply by length required. 

H = Ux -. 

Or, multiply U by the length in feet, and divide the product by the 
area multiplied by M, the grains per tniJ-foot. 
^ VI V I 
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Thia lost formula gives another constant, tbe Fesietanoe of the 
mii-foot at 60°, which might, if preferred, serve as the principal 
unit isetead of the grain-foot. 

The foregoing formulEe are applicable to all the metals, using the 
proper constants ; but the following constants, for special purposee, 
apply to copper onlj. They are, in fact, the resistances of a wire 
of one-tbonsandth inch diameter of the length named at 60°, and 
are to be divided by the sectional area in mils, d'. 

Log. 
Ohms per foot at 60° . . . . 10 ■ 5365 i'Oi^^-j26 

Ohms per yard ." ji'0095 i '4914939 

Obmapermile 54>57T 4'737^'o65 

Ohms per nautical mile at 60° 62,918 4-7987759 

For ohms per pound divide | 

by d*or the square of the| 3,416,825 6-5J36a38 

area (d*)* ) 

For feet per ohm multiply 1 - _ n ^ 

(Pby ..( °'«9^7447 -a-9956a74 

IV, To Measure CondwUvity. — Measure the resistance of any 
oonvenJent length, correcting for temperature to 60°. Divide by 
the length in feet, and multiply by the weight in grains per fooL 
This gives the resistance per grain-foot, by which divide the nnit 
o' 21889. '^^^ quotient is the conductivity. 



C = U-^- 



The actual measurement of wire for its resistaoce, in order to 
ascertain its conductivity, may be effected on three distinct systems. 

(i) The measurement of any length and reducing the length and 
resistanee to the unit foot^grain, or mil. 

(2) By Clark's system. A standard wire of copper is mounted, 
its lengtii or size is of no consequence, bnt its resistance is made 
o'i5i6 ohm at 60°, being equivalent to a wire 100 in. long 
weighing 100 grains; the conductivity of any other wire is 
measured direct by balancing the necessary length against this, 
and will be as the square of its length in inches divided by its 
weight in grains. This has the advimtage of requiring no correc- 
tion for temperature, as both the wires vary alike, care of course 
being taken not to so pass current through as to act unequally on 

(3) By a pair of stout clamps, forming one of the openings of a 
Wbeatstone's Bridge ; the resistance per foot is thus measured, and 
multiplied by its weight in grains, gives the actual foot^-grain 
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Example. — ^The 4 feet of wire, weighing 3*15 grsins, nsed as fho 
first example, gave a resifitaiLoe, at 72°, of ohias, i'349- 

Beaistanoe, i'j49 ©■I300ii9 

73 — 60= 13 ,ooiTeotion,i-0255 ,. 0-0109357 

B, reaiatanoe at 60° .. O' 1190762 = i'}i5. 

u, grains per foot, o'78S,, .. .. '1-6962506 

o*oi5}268 
I, length 4 feet 0*6020600 

Kea. per grain-foot »t 60° ,. ,. ~i -4132668 = o'25898. 

Unit grain-foot reeiatance, o'3i8S9 '1-3402204 
Actou grain-foot resiatanoe, 0*25898 "1*4132668 

CondoctiTlty ..' ~i-9269536 = 84-5peroent. 

Or, measure an^ weigh any length of which the resistance is 
known, and multiply U by the length, and divide by weight per 
foot, which gives the equiralent resistance as pure copper, which 
divide by the actual reaiatanoe. 

As the foregoing formolte difi^ in aeveral pointa teoTH those 
generally given to attain the same reanlls, it may be explained that 
this is owing to the definite syst^H of which these form a part. 
Moat oth^ formuhe are single ones, deviaed each for its own 
pnrpoae, and often based npon mere actual meaanres of particular 
wires, which often vary in quality. Those given here may have no 
actual superiority over these others, except as forming part of a 
definite syatem based upon mathematical tmths, and linked espe- 
cially to the conception of wires, not aa each aeparate entities, 
but as conajating of collections of unit wires of definite property, 
thns giving to d' an extended meaning, from the mere square of 
the diameter of single wires to the number of units in all wires. 

228. CoPFXB WiHs. — This varies very greatly in ite electric 
properties, ranging in conductivity from 97 per cent, as low as 50. 
It is of great importance to attend to this, for in making on instru- 
ment, be it a galvanometer, an electro-magnet, or a coil, reaistancea 
should be duly balanced with the battery power employed, while it 
is of great importance not to use wire unnecessarily large, because 
this increases cost and diminishes the effect ; ao that by not 
attending to this we may obtain only half the effect we shoiUd by 
securing good wire. 

Pure copper is the theoretical atondard, though what it is, and 
how to be obtained, seems puzzling from the following experiments 
of the moat careful experimenter on the subject, Matthiesaen ; and 
f^m the peculiar properties of copper, it would seem that silver, 
which is more free from objectlou, should have been taken as 
standard. ,-- , 
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MatthieBBeD giree the telatdre conductivity of various copperB aa 
compared with hard-dravra silver : 

Pure copper : Temperfttnre. 

Oxide reduced by hydrogen .. ,, 93"0 at le-fiC, 

Electrotype, not melted 93-46 „ 20*3 „ 

„ fused in hydrogen .. 92-76 „ J9'3 » 

The oondnoting power increased about 2 per cent, by annealing 
the wires. 

Impure, or oommeroial coppers : Temperatnre. 

Containing red oxide, melted in air.. 73*32 B,t 19*5 C. 
Containing 0-95 per cent, of phos* 

phoms 23-24 „ aa-l „ 

Contaiiting 2'Go per cent, of arsenic 13*14 » 19'! n 
Containing I ' 60 per cent, of zine .. 56-98 „ lo-j „ 
Taking the pore nnmelted electrotype copper as standard, or 
100, 

Spanish (Rio Tinto), containing arsenic, iron, 

lead, &c., was .. i4'34 

Bnssian, witii traces of same 59'34 

ToT^h cake 71 '03 

Anstralian, Burra Bnrra 68*86 

American, Lake Snperior 9^*57 

These figures show that excellent commercial wire may be very . 
bad for electrical purposes. 

229. CoBBBtrnoN FOR Tehfibatubb. — It is convenient to adjnst 
resistances at the ordinary temperature, 60° Fahr., for which 
reason, also, the values are given in the formolie and tables at that 
point. But it is necessary for many porpoBes to know the resist- 
ance corresponding to a temperature diftorent from that at which 
observations are imide, for temperature plays a very important part 
in the resistance of wires ; in fact, it is diffionlt to get the same 
resistance twice for a piece of copper wire, if it is touched, or if 
the slightest change takes pUce in the room. Tables of correction 
are given in many works, but they never point out that these tables 
only give a part of the correction required ; they deal only with 
the temperature of the wire itself, but leave out of sight altogether 
the variation which takes place in the Taeagwement inetrumenl ileelf, 
thoi^ this is one-tenth of that of the copper wire as r^ards 
extenial temperature, and greater than that of the wire as regards 
any heat produced by the current itself. The latter cannot be well 
dealt with except by oarefol valuation in each case ; but for 
ordinary resisteitce measurement, with small and momentary 
currents, the external action alone need be considered. Instru- 
ments for measnring resistance ought to hare marked upon them 
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the temperature at whioli the^ are correct, then the oonectioti for 
actual temperature, eaj in copper wire, woold he, not that for 
copper merely, as given in the nsoal tables, but this leas the simul- 
taneous variation of the Gorman silver wire of Ute instnunenta. 

Thus for each degree Fahrenheit near about 60°, 

Copper varioB as i to ,. i*ooji5 log. 0-0009537 

Qorman silver varies as .. 1*00034 » 0'0003I36 
Combinodcorroctionat 60°.. I'ooigi „ o'ooo8a87 

The variation occurs not equally for each degree, but by a curve 
represented according to the experiments of the British Asaociation 
Committee on Electrical Standards, bj the formula for the resist- 
ance R at temperature t (Centigrade) fhnn the resistance r at zero, 

E = r(i +ai thP). 

Furemetals 0-003834 + O' 00000126 

Mercury 0-0007485 - o-oooooojg8 

German silver 0-0004433 + 0-000000153 

Platinum silver .. .. 0*00031 

But for all ordinary purposes the correction above given will 
anffioe, multiplying the decintal portion or the logarithm by the 
number of degrees (not by the logarithm of the degrees), and 
multiplying the resistance observed, for higher temperatnn, and 
dividing for lower temperature ; adding or subtracting, aa required, 
the logarithmic correction to the logarithm of the observed te- 



Thus to correct from 60" to 32°, or the freezing point (zero Cent.) 
is 28" -00215 X 28 = 1-0602 for oopper. The correct figure, 
I ■ 0605, differs very slightly from this, and the mode of correction 
is shown in the third calculation, S 326> 

2 30. Tabli 07 CoppEB WiBB. — This is calculated on the formnlte, 
§ 227,fortbe most useful sizes of copper wire, but its readings may 
be translated into the valoes of other metals by the following con- 
stants (Table XL, p. 1 88) : 

Log. 

I. Weiqhtb. (Iron -875^1 -1*9437046 

" Multiply by {Uetmau Silver .. '9775}B -i*990i39j 

iBntaa "94383 -1-9748895 

1, LENtfras. Ilron 1-140OJ 0-0571954 

Multiply by jGerman Silver .. 1-03398 0-0098707 

JBreBS l*o;95i 0-035(107 

3. Bebistancb. Iron S'Jt49 0-7154969 

Mnltiply by /Oermwi Silver .. 13-3009 1-0863816 

iBrasB 4-54 0-6570559 

4. Lbnoth of BEaiSPANOE (Col. IX.) divide by Ihe foregoing con- 

Blanta, irliicb are the ctmdactieitieB, coppei being 1. In like 
mannei' the conductivity of any commercial copper or other 
metal will give the correction to employ. ., . 
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The data chosen have been those most exteneiTely available ; 
thns looo feet is taken because the change of the decimal point 
converts the valne into that of i, lo, or loo, while multiplying by 
5 • 18 converts it into a mile. The last column is likely to bo very 
useful to those who wish to select wires for any purpose, especially 
as multiplying by 1 2 gives very closely the valne in German silver. 
The figures in the foot-^rain and mil lines are the conetants for 
use in the formulte. The diameters are shown in millimetres for 
comparison when required. The millimetre and metre-gramme 
lines give constants which enable calculations to be made for wires 
measured on the metric system, in the same manner as is described 
for the foot-grain system. 

2^1. Besihtanok and Work, — It has already been menticmed 
that onder the general idea of resistance may b«, and is, included 
every action and property which opposes the passage of a current, 
and that every such action may be definitely measured in units of 
resistance. In fact, when a circuit is once closed and its resistance 
measured, that resistance will vary every instant, not only in the 
battery, owing to the chemical changes, but in the conducting wire 
itself. We have already seen that change of temperature (even 
though caused by the current itself), alters the resistance ; but, in 
addition to tliis, any work added to the arranged circuit, without 
any change in the circuit itself, has exactly the same effect. This 
is a difficulty to many minds, Uiough it is an obvious matter to all 
who have thoroughly grasped the doctrines of the conservation and 
correlation of energy which are the sure foundation on which 
modem science is now building. 

The general principle is that every effect must have its adequate 
cause, therefore every action involves an equivalent espenditnre of 
foi'ce, and of those materials from which we derive onr force. 
When a circuit is once formed, a condition of equilibrium is 
set up between the resistance and the force expended, and the 
battery exerts every fraction of force the resistance permits; 
evidently, then, if we add any work, either the battery action mnst 
diminish, or we mnst give it more force, and expend material suffi- 
cient to do the required work. The exact relations will be con- 
sidered under the laws of current, but a simple experiment will 
convey the facts and principles. 

I divided one olim of N^o. 20 wire (abont 83 ft.) inio four equal 
parte, and wound them on two coils, two wires side by side in 
each, making 97 turns for each wire, the coils being 2^ in. long on 
a core of huf an inc^. These were intended for experiments: in 
electro-magnetism, but they furnish the means of balancing two 
circuits on the Wbeatatone bridge, and testing the resistances 
under various conditions, by eliminating eveiy action but the one 
to be examined — 
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(i) Both pairs of wirefl joined in the middle, so that the cturent 
returns on itself and prevents induction ; the two exactly balanced. 

iij Both coils with the ourrent going through ; exactly balanced. 
3 ) The coils arranged one in each way, bo that there is indoction 
in one and not in the other ; now here is work absorbed, for a current 
is generated at making and breaking contact and a spark produced, 
and this " extra " current is either created out of nothing, or it is 
deriTod from the battery indirectly ; if the latter, it ia extra work ; 
and therefore resistance increases, and will at once show on the 
balance, § 2i€. It does so— the needle, under the present con- 
ditions, swings 5° on one side at the instant of contact, when 
induction occurs, returns to the zero when this first effort is over, 
and on breaking contact swings 3° the other way. 

(4) Both coils being arranged as in experiment 2, they balance. 
I inaert a piece of iron in one ; the effort to magnetize this is a 
heavier exertion, and the needle swings 12° to the side of which- 
ever coil contains the iron, and remains permanently at }°, 

(5} I give the magnet work by adding a piece of irtJn fbr it to 
support. The needle flies over 5°. 

Of course all this is well known, but I detail the experiment to 
pot it plainly before those who do not know it. I do not give the 
measures of the resistance, as it is very amall ; the magnet, under 
these circnrastances barely supporting an ounce, as the object was 
not to obtain a powerful magnet, bnt to effect various changes in 
the conditions. But it brings out very forcibly a fact of much im- 
portance. Having once arrived at the principle that the resistance 
increases as work is put on a circuit, then we see that the propor- 
tion tbiH extra resistance bears to the total is the measure of that 
^rtion of the expended force converted into useful work ; the resist- 
ance of the very best electro-magnet under these conditions while 
working is very little increased in proportion to the resistance of 
the circuit when it is not working. Therefore work done by 
electro-magnets must be very costly, because the source of our 
force is so, and we can utilize only thin small proportion of it 

A most interesting experiment by Favre gives the quantitative 
relations very elearly. Testing the heat ^veloped in varying 
circomstancea, he found that the heat developed in a whole circuit, 
doing no work, was exactly the same as that given by the same 
weight of zinc dissolved without producing any current. Following 
this out, he tested the heat in vorions conditions of circuit, and also 
when a known amount of work was done by a nif^pet, the work 
being the equivalent of 308 heat-units or calories. 

The conditions of the experiments were for the same weight 
of zinc. 
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(i) The battery on short circuit; heat all ( 
battery itself. 

(2) The oircnit going through an electromagnetic coil without 
the iron, as in my experiment 3. 

is) The Bame with the iron inserted. 
4) The magnet reTolving a machine, but doing no work. 
(5) The Bame, but doing work. 



ipt. Heat in 


HeatiQ 


Best lost 


Total 


Battery. 


Circuit. 


as work. 


AraouQta. 


. .. 18683 


— 


— 


18683 


. ,. 18674 


— 


— 


18674 


. .. 16444 


. 2219 


— 


18667 


. .. 15888 


• 4769 


— 


1 8557 


■ - 15437 


. 2947 


.. 303 


18682 



5' 

The experiment shows very cleariy the relations of force to the 
effect produced ; and also the mode in which roeistance converts 
the force into work, and it closely agrees with the detuls of my 
experiment above. 

231. Besibianok on Liquids. — ^Por equal dimensions this is 
vastly great«r than that of metals, bnt it is anbject to the same 
laws ; it varies inversely as the sectional area, and directly as the 
lengtii. Therefore, by doubling the area, or what is frequently 
the same thing, donhling the size of the plates, we halve tbe 
resistance, or may double the distance apart without increasing the 
resistance. This holds exactly true only when the plate fiUs a cell 
of sqnare section, as to which see § 233. The law alao holds true 
only as to the real liquid resistance, the molecular motion in the 
liquids themselvos. There are really three elements of resistance 
in most liquids : 

(i) The true liquid resistance just spoken of, and to which alone 
this section refers. 

(z) The resistaooe at contact of the plate and liquid which vanes 
the active area, as when a gas is given off and covers port of the 
surface : this may be regu^ed as analogous to dirty snr&ces or 
bad soldering with wires, &o. 

(3) An absorption of energy when on electrolyte is decomposed, 
wuch has been giveW the confusing name of " polarization " of 
plates, as to which see § 290. 

The resistance of a porona cell is really dne to the reduction of 
the area of the liquid : hence, if this he measured in ohms, it will 
be different if the liquid is a good or bad conductor, as its re- 
sistance is really that of the quantity of the liquid it displaces and 
does not absorb. 

Heat has the opposite effect in liquids to that npon metals : for 
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heating dimni»hf the lesistanoe. In some oases the leaistance at 
13° in three or fonr tiines as great aa at 112°, but vei; little is 
known on the sabjeot. 

Many philosophen have ezamined the facts of liquid resistance, 
bat onr information is by no means lai^e or reliable. 

The foiloving table is calculated &om experiments hy 
Becqnerel: 

Table XXL — Liqdid BmnANCss. 

Temperatiire. 

Copper taken as standard .. 32° i 

Sulphate of copper, satnrated .. .. 48 16,855, ;20 

„ „ diluted to half .. „ 26,i27,5}7 

„ zinc, saturated .. .. 56 15,861,367 

„ „ diluted to half .. „ 13,835,83^ 

Chloride of sodium, satnrated .. ., „ 3,903,538 

„ „ dilated ta half .. „ 3,965,421 

Snlphurio acid, dilated I to 1 1 .. 68 1,033,020 

Nitric acid, strei^th not given — 976,000 

Distilled water 596,754,208,000 

He also gives the following particulars expressed in terms of 
oondoctivity. Pore silver being taken aa 100,000,000 : 



Balphate of copper, satnrated 

„ „ diluted to half 

» „ ,t to qnartei 

„ zinc, satnrated 

„ „ dUutedtohalf 

» „ „ to quarter 

Chlcffide of sodinm, satnrAted 
„ „ dUuted to half 

■), „ „ to quarter 

Oil of vitriol i, measore to 1 1 water 

Nitric acid, commercial, 1*31 sp.gr. 



Tempaiataie. 



50 S'4a 

i-47 

„ 3 -08 

55 r°° 

i7'7o 

ir44 

56 31-52 

„ 33-08 

'3-58 

66 88-68 

56 93"77 



It appears that in some cases saturated solutions are the best 
oondnctors; in others there is a partionlar degree of saturation at 
which resistance is least, condactivity diminishing both above and 
below it ; these latter are deliquescent or extremely solable salts ; 
probably this may throw light upon the nature of solution and 
upon the qnestion whether csrystalline bodies dissolve as such, 
with their water forming part of the disBolved molecules, or 
whether only the salt itself is dissolved ; many chemical fects tend 
to show that salts which crystallize in two or more fbrms with 
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different amounts of water, have different solobilities in tlie different 
forma. 

23). Conduction thbouoh Liquisb. — It might be supposed that 
electricity takoB only the shortest and straightest path, and that in 
a liquid nith two plates in it, Qie cnirent would be con£nod to the 
Btratnm of liquid lying between the plates. This is not the case. 
Electricity divides itself through erery path. open to it in the ratio 
of the resistances of each path. Therefore if small plates are 
immersed in a large vessel, every particle of liquid in the vessel 
wiU form itself into a path for current. This may be tested by 
means of two wires fixed into a &&me and connected to a galvano- 
meter ; on dipping these into a liqnid through which current is 
passing they will form part of the circuit, replacing the liquid 
lying between them, although they have no metallic connection to 
the plates or battery ; according to the part of the liqnid they are 
placed in will be the amount of current they intercept, and by 
calculation of the varions elements of the current, this will show 
the relative quantities of electricity passing in different parts of 
the vessel. 

Fiaea 




Fig. 63 shows the facts : even, the backs of the plates take part 
in the action, and it is most active upon the edges &om the same 
causes which render points and edges active in static electricity, 
§ 50. Hence, contrary to common opinion, the backs of battery 
plates are to some extent active. Mount a pair of plates with one 
side varnished, either as a battery or in a coppering cell with a 
galvanometer, and note the effect when the varnished sides or the 
bare sides are presented to each other. 

234. Eabth CoNNKOTion. — Thesefactsexplain why the resistance 
of a telegraphic retnm circuit by earth plates is so small as to 
count for nothing as compared with that of the wire. The return 
current passes through the liquids of the earth and sea just as in the 
case of a common decomposition cell, and its plates are subject to the 
some effects of polarization, g 290, but the Imes of current are not 
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limited, tbey spread oat m all directions, ae in Vig. 6}, aad the 
result is tl^t the osl; aotaal resistance is of the order 2 and ;, 
§ 232. There is another theory laTonted chiefly by mathenaticiauB, 
that the earth may be regarded as an infinite reservoir, S 26, 
or else as an infinite pair of condensing plates in which the 
tensions set np in the wire are lost. 

Bnt if we enclose a liqnid or moist earth in a tnbe we find that 
tabe is a condnctor, and it acts in all respects as a wire does ; 
we may lengthen it or add tabe to tnbe, still the same, still the 
resistance as it grows obeys the definite laws : why then set np a 
new idea when we deal witii the earth ? this is we know a mass of 
electroljrtea, and we know also that the plates act ozactlj ae two 
plates in a solution do. The analogy has another view: if we use 
a copper earth plate in London and a zinc earth plate at a distance 
and in such a direction as eliminates the distnrbing action of the 
natural currents of the earth, these plates act precisely as though 
they were in a cell, they produce a current traversing the wire, and 
if we soak the earth aronnd the copper plate with a copper salt, we 
get all the effects of a Daniell cell : is it not obvious then that the 
intermediate earth is acting precisely as does the liquid in an 
ordinary cell and completing the circle of the current ? 

235. The following description is that of an instrument devised 
for measoring the true electrio resiataaoee of liquids and eliminating 
all distnrbances. It is really a Wheatstone's bridge, or may be 
need with a differential galvanometer. Three glass cells are con- 
nected together by two tubes of different lengths and mounted upon 
a stand, with connecting screws close to them provided with a 
yertioal hole. These are for the plates or conductors attached to 
a wire which can be easily pnt in position. A resistance coil is 
placed in the oircnit of the shorter tube so that the current which 
enters at the middle cell and divides throngh the two tubes may be 
equalized, thus causing exaotiy the same polarization effects in 
both branches : if we regard the middle oell ae — and the two 
tubes as the arms A G in Fig. 58, the action is evident: the extra 
resistance of the coils is exactly equal to that of the extra length 
of the longer tube. In order to obtain definite measures, the 
instrument is first charged with mercury and thus a standfu^ of 
comparison is obtained which dispenses with any accurate measures 
of the tubes or liquids, for the liquids ^re really compared with an 
equal bulk of mercury nndor exactly the same conditions, and 
these conditions equivalent to a known standard resistance. Open 
oblong cells may be used in place of tubes, provided that the 
plates completely fill the cross section ; in this ease the two sides 
of the middle plate distribute the two currents. 

236. BxsiBTAHOB, DnmnTioN of. — Before learing the subject a 
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risumS of the foregoing facte and principles will furnish a clear 
definition of the nature of resistance. It ia the expression and 
meaanre of the amonnt of energy neceBsaiy to be expended in order 
to produce a certain effect, nhich we may call the transmission of 
a definite "electric quantity" (not qnantl^ of electricity, see § i86). 
The molecular mOTemente produced by this action in a wire, &o,, 
conBnme energy and produce heat, and the quantity of the energy 
ftnd beat necessary in a unit quantity of the snbstanoe is the 
eqninOent of its «peoi^ resistance, §221. 

Beeistance takes many forms, and any action or force which 
necessitates energy to overcome it may be treated and measured as 
a resistance, but true reniiance, that is, " specific resistance," being 
an absolute property of each substance or definitely related to each 
form of work, is invariable, i. e. it bears the same relation to the 
force exerted upon it, be that force or the electric current produced 
by it, great or smaU. It is thus with the resistance of wires 
^Uowing that is fox the effect of temperature, § 229). The formula 

-, = B will give for B the same value, whatever the ootnal dimen- 
sions of E, when it and E G are measured in systematic nnits. 

A Counter Electromotive Force, § 289, may be measured aa a 
resistance in the bridge or differential galvanometer so as to 
balance it by an extra length of wire, but that length mil not he 
eomtant, it will hold a varying relation to the current passing: 
it is therefore not a true resistance; express it proparly as 

— ^ — = B and then a constant result is obtained. 

Work, which sets up no counter force, may be measured as re- 
sistance, and this will give the energy consumed in effecting the 
work, § 231. By first measuring the resistance without the work, 
and then while the work is doing (nith the same current passing), 
we have in the extra resistance the measure of the work independent 
of the electromotiTe force engt^ed or the actual current passing, 
these being of course related to the total resistance, including the 
work of the whole circuit. W = C^B is the formula, which re- 
quires also a constant representing the mechanical equivalent of 
C in the system of measurement employed. This is the some 
fbtmnla as that for heat, § 191. 

237. CoNSEOunvK lUeiSTANOKS. — Eaeh portion of the circuit, 
i. e. the various cells of the battery, the connecting wires, any 
instmmeDts used or work done, having each their separat« resist- 
ance measured or known, these are all added together to form the 
total resistance of the circuit, symbolized as B: it is this total 
resistance only which can be calculated direoUy by Ohm's formula, 
,,„.„„,tSK)gle 
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but'the varioTu eztenial resistances may be asoertuued eepamtely 
by that formnla bj observing the TariationB of the current pro- 
duced aa each, ia added. For the Internal Besiatance of the Cella 
Bee § 271. 

238. Dkhivsd Cmovrrs, see § 114.' — When the current divides 
into two or more branches for a part of its course, the joint re- 
matance of the nnited circuit ia aacertained by the following 
formaln ; tlie separate reaistancea being first ascertained by the 
usual processes : — 

(1) -T = = E. The joint resistance ia the product of the 

two resistances divided by their sum. Thus 

•39 X "64^ 'J^- .342 

■39+ -64 1-03 
When there are more than two paths, having obtained the joint 
resistance of two, this is used with another in the same manner. 
Let be another snch path having a resiatanoe i *9, then 

13?2im ^ H59B _ . 
■243 + i-g a*i4a '' 

(2) It is more easy to obtain the joint resistance by meana of a 
table of reciprocals r the sum of the reciprocals of the separate 
resistances being the reciprocal of the joint reaistance. (The re- 
ciprocal of a number is i divided by it ; tables of reciprwialB are 
given in many books.) 

A='39 .. reciprocal ,. 2*564 

B= '64 .. .. „ i-jfia. 

C = i'9 .. „ .. .. ©■526 

Joint resistance 4'^5' = *2i4. 

(3) Another plan may be derived &om the system of wire ro- 
sis&tce, § 237. If we reduce each resistance to the terms of the 
area of a copper wire of fixed length 1, 10 or more feet, the sum of 
these represents a wire equivalent to the joint resistance. 

239. C3D.I.S m MuLTiPLi Abo, or as it used to be called, oonpled 
for quantity, that is to say, side by side, so as to act as one larger 
cell, are derived circuits ; the current divides itself between them ; 
their resistances obey the same law as that of the onter circuit, and 
the joint efTeet is found by the same formulm. The examples used, 
§ 238, are in fact the internal resiatances of the cells used in § 243 
to explain the laws of current 

GeJls to be coupled in multiple arc may be of various sizes, bnt 
must be all of the same kind and of equal electromotive force, 
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otherwise the stronger oeUs reverse the cnnent of the weaker and 
less cmrent passes to the external circnit than if the weaker cell 
were not nsed, and yet the stronger cell is more rapidly exhausted : 
zinc may also be deposited on the negative plate of the weaker cell, 
if it is a single liquid cell. So also when a nnmber of cells are 
arranged in sets in series, and then coupled in multiple arc, all of 
the sets in one coupling must contain the same number of cells in 
order that when in multiple arc each branch may have the same 
electromotive force. In Uub manner a variety of cells of different 
sizes and forces may yet all be used in one circuit, and combined 
in both ways, for small resistance (moltiple arc) Kud high electro- 
motive force (in series). 
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240. QuAiniTY AND Iktknhity. — Onr greAteat poet hu told us 
that a rose by any other name would emell ae sweet, and this 
phrase in often need as eigniiying the nniiuportance of mere words. 
In science, however, it is impoBsible to exaggerate the importasoe 
of words, because words etand for things and principles, and the 
great Btumbling-block in the way of scientific students is the inde- 
finiteness of the terms commonly used, and in no science is this 
more serious than in electricity, many of the terms of which have 
had a snccessiou of difierent ideas attached to them by different 
writers, thus generating a confusion from which we most fully 
extricate ourselves if any sound knowledge is to be attained. 
In § 7 1 is given an explanation of the rdations of " quantity " 
to snr&ce. and why the force associated with it increases as the 
square of the quantity. We have to deal with the same principles 
in current electricity, and the reasons why the energy, work, heat, 
&c., of currents vary in the ratio of the squares of the currents 
will be found § 279. 

In the early days of current electricity the battery was regarded 
as something in the nature of a pump, which would supply a qnan> 
tity of electricity proportioned to its size, and the circuit was 
regarded as something like a pipe, which required simply to be 
large enough to allow that " quantity " to run off ; the Urger the 
pipe the more it would carry away from the jtositive pole of the 
battery, which might be re^irded as the spout of the pomp, and 
intensity was needed in the battery in order to oarry the flow to a 
greater distance, that is to say, through longer wires. 

These ideas still linger in the minds of those who have not 
studied electricity scientifically ; but they are entirely erroneous, 
based on misconception, and havo been entirely superseded by the 
formnliB of universal application, known as Ohm's laws. But 
here, again, there is a misconception. Ohm's work was a great 
one — his formula most valuable ; but they are nothing new, for if 
examined they will be fonnd to be simply the common funda- 
mental mechanical laws, and the rsdations established by Ohm's 
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lawe between electromotlTe force, reBietance, and the cnrrent and 
its work, are eimply the well-known lawa of mechanicB or the rela- 
tions between force, snch as gravity, weight, and velocity. 

But, further, these laws of Ohm are merely mathematicBl 
expregaions : invalnable in dealing with the modes of operation, 
they only delude ns if we regard them as fiicts, and do not clearly 
trace out the reaeou why they are valuable. Indeed, the devotion 
of practical electricians to Ohm's laws often leads them into errors 
just as great, though in an opposite direction, as those which 
these laws have freed us frova ; thus to obtain anything like a clear 
conception of the electric current, its modes of action, and its 
work, it is equally important to dUabose the mind of all the old 
ideas of quantity and intensity, and to guard against being utterly 
enslaved by mathematical ohajns. In point of fact, there is in the 
galvanic current neither quantity nor intensity, or if we use those 
words wo must give to them entirely new meanings, detaching 
them entirely from any relation to the supposed fluid electricity. 
Thus, ytantity can only mean a definite chemical action — a certain 
number of molecular changes, each of which has a definite che- 
mical result, and is also attended with a definite magnetic result, 
magnetism being simply a polar arrangement of moleoulea, and, 
therefore, having naturally a fixed connection with the mole- 
cular chemical changes. These changes are perfectly expressed 
as to their quantitative effects by Ohm's laws, when we connect to 
these laws the known relations of chemical equivalence. 

The ordinary idea of intensity, as produced by a number of cells, 
is still less fitted to the facte of the galvanic current, for we can 
obtain exactly the same eSects from cnrreuts of equal quantity, 
whether they arise from one cell or from fifty. Ohm's laws fully 
express this, but they tend to lead the mind to suppose that there 
is no real difference in these currents. They tend, as generally 
used, to drive out altogether the idea of intensity, which, properly 
understood, is equally important with that of quantity, for althou^ 
in some aspects, the two supposed equal currents would be alike — 
as to magnetic actions and as to quantity of chemical action, they 
would really be also very different, and regarding the difference as 
solely due to the balancing of electromotive force and resistance 
in the abstract, without weighing the sources of force and nature 
of resistance, is sure to end in overlooking important features of 
the subject. 

241. Ohu'b Laws. — It will be more convenient to show how 
these formuhe explain the facts of the galvanic current before 
discussing the sources of the force they are based ou. The fas- 

damental expreasion is C = ^ or — ;- - ■-- = current, or work 
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done in given time. If the data ftre corapantiTs, the resnlts are 
so also ; but naing definite anits, we get the resiilt in aotnal nsita 
also, EtB explained § 203, In Hie simple equation the sjmbolB 
represent the total of each element ThtiB supposing we have 

4.E 

more cells than one, say four, tibe eqiaation is -^ = i G, which 

shows ns that on short circuit, or when there is little resistance 
except that of the battery itself, a number of cells In series give no 
larger current than a single one, because each one adds its own 
force and its own resistance, and if they are all alike the result is 
unchanged. If cells of different force are connected in seiios their 
forces are added together to give E. Thus the force of Daniell'a 
cell is in volts, i -079 ; Grove's, about i "964 ; hence, for these two 
cells in series, E would be 3'04;. The resistance, also, is com- 
pound, being the sum of that of all the internal rosietonces of the 
cells, of the connections, and of any circuit or work doing. These 
details are generally enla^;ed into elaborate formnlie, but it is 
better to keep in view the simple formula as representing the 
total, however composed, of each element in calculations ; the 
details will be better onderstood under other headings. 

It follows that any two of the three elements, E, B, and C, being 
known, we can calculate the third thns : 
E 

Current. = = C. Force and resistance being known. 

Electromotive Force. X E = E. Current and resistance 
being known. 

Remtance. ^ = B. Thus, with any cells the force of which 

is known (as most are) in volts, dividing this by the current in 
vebers, gives us the total resistance ; and if the est«rnal resistanoe 
is known, by deducting this we get the internal resistance of the 
battery. 

242. Thi Vbbbb. — By varions experiments it has been ascer- 
tained that the British Association unit of current, § 207, is 
capable of doing the chemical work per second stated below, and 
thus its value cau now be ascertained in the practical unit of 
current used in these paged, the Ghemic, § 1 10, p. 86. 

I velwr pet aecond x 56000 -h equiv. s Cbemios. 
■0014a grains water J' ' '^ 9 = J "680 

■001 ;8 „ hydrogen 5 ■ 683 i = S ■ 688 

■00514 „ zinc 185 '17 32-6 = 5 '681 

These values, given by Ferguson and Clark, show that the 
veber current is equal to 5*68 chemics during equal times, and so 
enable this practical and easily understood unit of corrent to work 
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with Ohm's formula (tnd the B. A. nuits.* On tho other hand, by 
multiplying the electromotive force in Tolts by the same figure, 
5-68, and reckoning resistance in ohms. Ohm's formula give the 
current in chemics. Thus the E M force of the Daniell is i -079 

volts. 1*079 X 5'68 = 6-1287. Then ^-223 = i veber, or 

1-070 
5'6B chemics, which would rcftd bs 46'^°on the galvanometer 

dial (§ 179); 80, alflo, — ; = 5-68. This latter process is the 



use with the chemio unit of current, as it only 
rec|uireB a few electromotive forces to be multiplied once for all. 
243. Cub BENT .^The following table is a series of experiments 
E 
arranged to show, at one view, how the formula ^^ = C explains 

every possible case. It is the working of three Daniell cells of 
different sizes nnder varying circumstances of arrangement and of 
external resistance. It will well repay the cloacBt study, as it 
embraces every point on which information can be soi^ht. The 
electromotive force is taken in values corresponding to the 
chemic current (§ 342), and the current is given in chemics as read 
direct from the galvanometer. Fig. 49, p. 132. 

Lines i, 2, 3 show the action of each cell by itself, on short 
circuit and with varying resistances. 

Lines 4-7 cells in series, or, as it is often called, combined 
" for intensity." 

Lines 8-1 1 cells in multiple arc or conpled for quantity 
(§ 239)- 

Column I. — Gives the cells as used in each experiment. 

II. — The electromotive force, dae to the mode in which tbey are 
combined, increasing in the ratio of the number in series, without 
reference to size. 

m. — The internal resistance of the cells, as combined, the mode 
of calculating which is given, §§ 137-8. 

IV. — External resistance on short circuit, being that of the con- 
ductors and galvanometer. 

III. and IV. together are the total resistance, B, on short circuit. 

V. — The cnirents observed on short circuit. 

E 

TT. — The same ; values calculated by the formula = = 0, being 

Columns ^ = VI, It will he seen that these closely 

(^ree with th(«e observed in Col, V, 
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VII. and VIII. — Coireepond to the foregoing, an eitrft re- 
sistance of two ohms being added. 

IX. — Ib calculated for a still further addition of lo ohmB to the 
external resistance. 

It will be seen that althongh the observed and calculated figures 
^ree ao closely as to prove the truth of the principles involved, 
yet there is not exact agreement. There are in all experiments 
some sources of error; instruments are seldom perfectly exact, and 
very trifling errors in graduating the galvanometer will tell; 
besides, it is not easy to read off with great exactitude on a circle 
of three inches diameter, and by the eye. The internal resistance, 
also, varies during a set of experiments, owing to the action on the 
zinc and many other causes, and the figures taken are the avert^ 
of several results, used throughout for o 
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J-J7 


■487 


11. A,B,C 


" 


■114, -11 




18-J5 


1-71 
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■498 



244. SizB or Cell. — The table shows at once that with one 
electromotive force, that is, a cell of any battery, the current is 
proportional to the total resistance, for when this is only that of 
the battery itself, then the current is proportional to that, i.e. on 
short circuit, the current is proportionate to the size of plates, &c., 
rising steadily throngh lines 3, 1, 1, 10, 9, 8, 11, as the size of cell 
increases. 

On the other hand, if the external resistance is large, there is no 
nse in increased sisie of cell, for Col. VII. shows an approiimatloQ 
in the figures on these lines ; and in Col. IX^ where the rosistanoo 
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ia Urge, tbe lines ore oil practically alike, and the little cell, with 
two sqaare inches of plates, gives a current nearly eqnal to ijl the 

cells together. 

245. Coupling Cells. — Against Buiall external resistance there ia 
no advantage in coupling in series, for in lines i and 2 we find the 
cells alone give a current of 20*5, while in parallel connection, 
line 8, they give fj"] ; but line 4-, in series, they give only io'99- 
This further illustrates the mischief done by inserting a smaller 
cell in a series, for two like A would give a current of 13 "74, 
a little more than one, bnt at double cost, 

Againet large estomal resistance we gain by series, as we see in 
lines I, z, compared with 4 in GoL VIII.; andinOol.IX., where 
the resistance is considerable, lines 1, 4, 7 show a proportion of 
current closely in the order of the eeries of cells. 

246. External and Intbbhal Eesistahoe. — The foregoing 
observations are really included in the common etatement that to 
get the maximum of work combined with the minimnm of cost, the 
external resistance must equal the internal ; in other words, the 
size of plates and number in series mast be adjusted to the amount 
of work required to be done, and the reaistanpe te be overcome. 
Bnt this must be considered intelligently; assuming external 
resistance to be greatest, we may increase internal resistance in 
several ways, i. By increasing series — this is to be done if wo 
wish to increase the current, because we also add to the force. 
2. We may reduce the size of the plates, i.e. use small ceUs, and 
get as good work as with large ones. 3. We may use solution of 
salt, or even water and other bad conductors, and thus diminish the 
local action ; both these plans are useful where we have sufficient 
current from the series, and the second is of first importance in 
selecting cells for any given work. 

But increasing iatomal resistance is not to be effected by aimless 
means, such as inserting unnecessary porous diaphragms, or merely 
increasing the distance of plates, for these would increase cost, as 
it most be remembered that the materials are expended on the 
resistance, of which only the external is really utilized in either 
working or carrying the force to its work. Therefore, by increasing 
external resistance in proportion to internal, we can diminish the 
cost of a given "quantity" of work, but we increase the time 
required, i. e. we diminish current ; in other cases we may do the 
same with greater economy by reducing the internal resistance, as 
by diminishing the number of cells in series, 

247. CuBBBNT AHD ITS Bblatiojjs. — There have been many 
attempts to explain the actions of the galvanic current by 
meotuuiical analogies, and as such analogies certainly may convey 
ideas to the minds of many more fully than formiUte do, I will 
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attempt one. Such analogies are never perfect, and aliraya &il at 
aome point, yet there is a very strong parallel to be fonnd between 
the conditions of the cloaed cironit of a battery and a eet of 
hydraulic machinery. 
Fig. 64 represents both sabjeota. 




L is the pump actuated by the steam cylinder, S ; C being the 
outlet, and Z the inlet ; these are connected by a continuous pipe 
provided with the means of connecting T, a turbine or cylinder, 
which may be made to do work by the pressure developed at the 
pump; 

L is also the galvanic cell, of which and Z are the plates, and 
the pipe becoraes a wire transmitting the current from 4- to — , or 
in the same directions as the arrows marking the flow of water. 
T is an electro-magnet, or decomposition cell, or any apparatus in 
which work is to be done. 

To carry out the analogy we must conceive E to be a steam pipe, 
conveying steam of, say, 10 lb. preBsnrc, at such a rate as to fill the 
cylinder, and, therefore, work the pump sixty strokes per minute 
when T ie disconnected, 

E now exactly represents the electromotive force of the cell ; 
each filling of the ateam cylinder one equivalent of chemical action 
on the zino ; each fillin g of L one eqaivalent of mechanical or 
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electrical action. The two ideas are now oiactly parallel ; for 
each stroke of the mechanical action, fast or slow, a fixed quantity, 
or cnrrent of water flows through the pipe, and the same quantity 
will paBS, in the same time, across every section of the aircnit ; so 
for each iinit of Z diaeolved, a current equiTalent to one unit will 
flow through the wire, whether the zinc be dissolved quickly or 
slowly, and there is exactly the same " current " ot quonti^ in 
given time at every section of the circuit. 

Now let T be placed in the circuit and made to do work. This 
is increased resistance. The strokes of the pump — the consumption 
of zinc — therefore, the current in either ease will diminish. Exactly 
the same laws, precisely the same formuUe, will govern the rate of 
decrease, mechanicallor electrical. 

Wlien a certain point of diminution is attained — i. e. a certain 
resistance interposed at T, the pump or battery will be over- 
powered, and to do work we must increase the electromotive force 
or the steam pressure. 

In both cases we see the current is uniform at every part of the 
circuit, and also it would be exactly equal in measnre, estimated by 
gallons of water, and by galvanometer degrees, whether 60 strokes 
per minute were made by 10 lb. steam, or one equivalent of action 
effected against small resistance, i. e. on short circuit, or whether 
■ T was doing work so great as to require 100 lb. steam pressure — 
or 10 cells of the battery to maintain the rate of cnrrent flow. 

But would the mechanical or electrical conditions be all the 
same ; wonld the two currents — equal in quantity— bo alike in all 
their properties ? Most certainly not. 

If we applied pressure gauges to the pipe on the + side, we 
should find a pressure diminishing as we reached the middle ; oa 
the — side we should find a vacuum, or — pressure, and we should 
find the sum of tiiese two, at equal distances from the pump, would 
represent the mechanical force available between them, which 
would be equal also to the friction or other resistance in the inter- 
vening space. Thus, two pressure gauges, at the inlet and outlet 
of T, would vary according to the amount of work T was doing, 
and when this was so great as to need 100 lb. steam to maintain 
the 60 strokes per minute, a gauge at + outlet would show ten 
times the pressure it would when i o lb. sufficed, though exactly the 
same " quantity " of water passed in both cases. 

Difibrence c^ pressure, then, or sum of -f. and — , pressure and 
vacnnm, is the measure of work in the hydraulic curreitt, or resist- 
ance intervening. It is exactly the same with the galvanic cnrrent ; 
and what I have been aiming at is to connect in my readers' minds 
the idea of mechanical jiressure and electric tetuiion, fbr to this latter 
is applicable every remark made as to the former, § 315. 
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When plates of zinc and another metal are immereed in acid, 
there is no apparent effect ; hot snitable apparatos will show that 
there is an appreciable effect prodnced, for a condenser may be 
charged to a degree of tension differing according to the negative 
metal employed (if this oondenser he large «nongh, the time neces- 
sai^ to charge it will he so prolonged aa to enable a galvanometer 
to show that a measurable cnrreat is set ap, although there is no 
circuit of condaoting materials). If we connect the condenser to 
a battery of ten cells, there will be a tension developed ten times 
as great aa though one cell were used. 

U the circuit be closed by a wire along which current is passed, 
stni a condenser may bo charged by connecting as a derived eireuit ; 
althoi^h one branch is a conductive and the other an inductive circoit, 
and the actual resistance of the last is almost immeasurably greater 
than the other, yet the condenser will take a charge equal to the 
tensions which, by the laws of the conductive circuit, exist at the 
points of connection, S 215, Fig. 55. 

Electric tension tiien is the anaiogne of mechanical pressure or 
strain, and we may oompai« the electno circuit and the molecules of 
which it consists to a series of spiral springs. Fig. 40, p. 85 ; and 
in each case energy is stored up and partly consumed in setting op 
strains, which in liteir tnrn give up and transmit the enei^. 
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CHAPTER VIII. 

ELEOTROMOTITK FOKCE. 

148. ENBSor mv Matieb. — Some of tlie general reUtions of 
force to matter have been examined, §§ 13, 104-10, 19&-7 ; we have 
now to examine more closely how force assumes the form of olectrio 
ener^ or electromotive £orc«. For this pnrpose we mnat remem- 
ber that each atom and alao each molecule of matter involvoe as 
part of its inherent nature an amotmt of ene^y as definite as of 
matter, bat unlike the matter, not permanent in all changes ; it is 
definite and fixed only for a definite and fixed ■ condition, and for 
erery change a definite change takes place in the amonnt of fixed 
energy. We must, therefore, regard force as possesaing twofold 
conditions. 

(i) Flaotnating, such aa the seaaible heat of Babstancos, which 
enters and leavee them according as they are snrroimded by bodies 
of greater or less temperature, but which does not change either 
their physical state or chemical properties. 

(2) Fixed, linked inextricably with the matter. This is what 
used to be called Zaten/ heal, now termed, particularly by matbe- 
maticians, potential energy ; but the best and most definite idea will 
be obtained of it by treating it, as an amount of force linked to, or 
charged upon, the atoms and molecules of matter, and inaeparable ' 
from them without change of nature or physical state, the mode of 
ohaiging being the imparting of internal motion. Every elementary 
atom has its special force, and the importance of this view will be 
seen when we find that the degree of this force is really the measure 
and the cause of the cheinical force or a^nitie* of this atom. Each 
substance also requires a definite amount of force to pass &om one 
physical state to a higher, aa from solid to liij^uid and gaseous ; at 
each such change a definite amonnt of force disappears, becomes 
charged on the molecules, i. e. is converted into latent heat or 
potential energy. 80 also, every chemical action which occurs 
under the influence of affinity, that ia every act of eonibinalwn, is 
attended with a loss of force, i. e. the potential energy is set free, 
and becomes active and sensible in some form, either as heat, or 
eleotricity, or motion. On the other hand, every act of decomposition 
(the revwsal of affinity) requires a supply of force exactly equal in 
quantity to that set free by the act of combination, and this force 
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is again charged npon the atoms or molecales, and disappears — 

without it the change canaot occur. 

To make all this really clear, and to attach to our chemical 
STmbols their valne in force as well as matter is at present im- 
poaaihle, as the data are not yet sufficiently ascertained, notwith- 
standing the labours of Fayre and Silbermaun, Andrews, and more 
recently of Thomsen and BerthoUet, Most of the earlier of their 
results ate given ia relation to gnumnea or pounds in weight, and 
require translation into the comprehoneible relations of the atoms ; 
of late, however, results are almost always bo stated, indicating a 
great advance towards a clearer underBtanding of the real scientific 
Toad. Bnt they are always given in the metrical ejBtem, and as tlie 
general Engli^ reader would not realize themeanings, I have reduced 
the iufotmation to the unite used in these pages, the equivalent in 
grains weight for matter, and the foot pound for energy, § 105. 

249. Bblatiohs Off UNiTfi. — It must be understood that the 
figures given are only approximately correct. They are mainly the 
restilts of ezperimenta subject to many causes of error ; it is also 
most dif&cult to know what value to give to the figures because 
weights and units are by some taken at 0° cent., the freezing point ; 
by some at 4° the point of greatest density of water; and by some 
at 60° Fahrenheit. Hence different good authorities call the 
gramme equal to grains, 15*436, 15-434, 15-4^35, and the 
gramme degree or <^ory has different values according to whether 
it means from 0° to 1° or from 4° to 5° ; hence different authorities 
give different figures. I have therefore taken certain figures as the 
basis of calculation, and they will be found in Table XYII., g 257, 
with their logarithms, by means of which any values met with in 
books can be converted into any other system desired. The whole are 
based upon the gramme as 15*434 grains, and the calory as 42 3* 55 
gramme-metres, and therefore cau be easily corrected to any other 
values deemed more correct The mode in which the figures are 
obtained, and the plan of using them, will be best seen in an example. 
Andrews gives the heat of combustion of zinc in oxygen aa — 



Calories per gramme . . 1 3 30 
Equivalent of zinc .. .. 33*6 


3*1238516 
i-5i3"7« 




Batio of graiu equivalent. 
Table XVII., Une 9 * 198547 


4*6370692= 
-1*2977983 


■43358 


Foot pounds per grain equivalent 

I lb. 25XX) .. 3-8450980 
Zino 32-6 .. 1-5132176 


3-9348675 = 
2_j;3^88o4 


=8607-5 


Foot pounds per pound . . 


6*2667479 = 


1,848,15 
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Owing to the rariona differences this latter valne is sometimes given 
aa low as 1,463,925 per ponnd. 

Any such differences or errors, however, will only affect the 
actual values ; they will not prejudice the principles to be deduced 
£rom them, and they are so important that I have grudged bo labour 
on my part to make them evident, and thus to give readers a clear 
view of subjects which to most minds are involved in obscurity. 

250. Spboifio Esbbot. — The relations between matter and energy 
in form of heat (specific heat, § 196), and the resulting changes of 
physical state (latent heat, § 24S), hare no connection with the 
generation of electric energy except indirectly in some minor 
degrees, and principally ae affecting resistance. The relation to 
be now studied is that of ohemical actions. 

The focts have been carefully studied by Andrews, Favre, and 
Bilbernmnu, by Joole, Thomson, and many others, mainly under 
the form of heat ; Favre, however, our chief authority, has nsed 
electricity, not only as a check, bnt also ae a basis of reasoning by 
which to anticipate experiment, and deduce laws and figures not 
readily obtained direct from experiments on heat. Kierefore, 
though seeking to place these foots to some extent in a new light, 
I am offering no new theory, bnt merely trying to systematize and 
draw important lessons from facts and laws already established. 

351. CouBnsnoir. — The act of combustion or burning is a 
common instance of chemical combination, and at present we may 
consider it as simply combination, the union under the influence of 
chemical attraction of atoms of carbon, or hydrogen, &o., and atoms 
of oxygoi. There really is also a decomposition of the molecsules 
of these bodies, bnt that we are not now in a position to estimate. 
Now, as it is a fundamental maxim that we can create neither 
matter nor force, and as this action gives ns an available free force 
in the form of heat — where does this force come from ? Evidently 
from the atoms entering into union. 

+ 0^ = CO, is the symbol of burning carbon, jwoducing 
ootbonic acid (or more properly anhydride), and H, + = H,0 
hydrogen burning into vrater, but these symbols give us no informa- 
tion as to the source of the force. It is, however, evident that 
before combination there was some force present tending to cause 
union, which we may call affinity, imd that when the union is 
effkited, the resulting substance must have within it less combined 
energy than its components had before, because the act of nnion 
has set force free in the form of heat. This is nsnolly treated as 
a mere incidental consequence of the afGnity ; however, it bears 
on exact ratio to the chemical force, and may be made to give 
meaning to the old diagrams of elective afBnity ; by fixing attention 
upon it, as the " specific energy," capaUe of exact estimation, instead 
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of the Togae " affinity," we slmll better tmderstand the &cts. Thus, 
tuiitg the equivalent notation, the burning of carbon is 

6 '*" 8 " ^4 } "^ 3946 foot-pounds. 

6 ^?r'^2^') + 96M foot.ponnd8. 

Here the energy set free by the act of combustion is expressed in 
foot-poands ; it is the " epecifio energy," the measure of the force 
which holds together the atoms compoBing carbonic oxide, CO, and 
carbonic acid, GO, ; not wholly so, however, as the great difFerenoe 
between the ttro figures is due to the fact Uiat a la^e portion of 
the energy of the first atom of oxygen is rendered latent in convert- 
ing the solid carbon into a gas. We cannot be sure that all of 
the fbor centres or valencies of carbon, § 6, have attached to them 
eqnal specific ene^y, or we might be able to calculate the force 
firom that given by c<Hnplete combostion, but in examining actions 
under the influence of electricity, light will be thrown on this. 

352. Salts. — Combustion or oxidation is only one step in 
(diemicftl combination, for almost all the subetanoeB used in elootri- 
olty are salts, this term really including ooids. The older view of 
salts, Berzelius's electro-cheinical theory, supposed the first step to 
be oxidization, fbrmiog sabstancos which were either acids or bases, 
according as the element was placed ia the electric order, and partly, 
also, according to the number of oxygen atoms combined, and these 
two bodies, preserving their original electric relatious, combined to 
form salts. Although this theory is abandoned, it has still so far a 
real basis of truth, that the chemical attractions of the elements do in 
great degree conospond with this arrangement, which so far survives 
in the new chemistry that the old electro-negatives are still colled 
chlorous or acid radicals, and eleutro-positiveB bosylons radicals. 

Chemical considerations, and especially the behaviour of acids 
and salts under the action of the galvanic cuirent, led to the adop- 
tion of the binary theory, which treats them as composed direct of 
two radicals, of which the acid, or chlorous one, is a compound 
containing the whole of the oxygen, while the bosyle is an element 
or a compound having properties analogous to those of elements. 
On this view the formnln of sulphates are 

H„80.1 (H,0,80a 

Zn,SO(J. instead of ^ZnO,80, 

KjiSO^j Ik,o,bo3 

The ordinary acid being a salt of hydrogen, which is simply dis- 
plaoed by the other atoms poseessed of higher " specific energy." 
This theory accords thoroughly with all the &ct8 of electiolyBifl, 

n,o,l7P(ibyGt.)tnjlc 
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and is that to which belong all the formnlte used in these pages. 
The older view of salts has, however, a preeent use in calcnlatiiig 
the specific energy of acids and salts. 

Betuming to the constitution of salts on the old theory : SO3 four 
highly negative atoms unite to form a strong acid, sulphuric (now 
called sulphuric anhydride) ; hydrogen as H^O forms a weak base — 
water; while ZnO forms a Btrouger, and potassium, K^O, the strongest 
base. By combining again, 8O3 + HjO foims ordicary sulphuric 
acid, firam which the stronger b^es can displace the water, forming 
in turn SO^ZnO, and S03,E20, sulphates of zinc and potassinm. 

253. ELBMKNTa AND THBiB Enebot. — 1 have put together in 
Table Xin. the principal elements employed in electricity, and 
the moat important information as to them. Columns I., II., and 
m., are the names, symbols, aud atomic weights on the new notation, 
§ 1 2, now generally adopted ; I¥. the old chemical equivalent,wbich 
is also the weight taken in grains, to which Columns YII. and VIII. 
refer; V. is the valency, see § 6, p. 4; VI. shoira the weight cor- 
responding to one unit of electrical current, the chemic, varying in 
Borne instances where two classes of salts are formed ; VIL is the 
energy of union with oxygen; and VIII. that with chlorine of 
the equivalent, in grains, Golnnin IV. These two colonms are the 
specilic energies of these chemical combinations, § 350. Bi 
some cases two values are given ; they are different results obtained 
by Andrews (the upper row) and by Favre : the same remark applies 
to the other similar tables. Column IX. is the electric equivalent in 
grauunes of the veber, per second. 

It is commonly stated, on the authority of Faraday's early experi- 
ments, that electricity, passing throngli several solutions, deoompoaes , 
them in the ratio o/lAe several equivalenfg (Column IV.), This is not 
the case ; this idea of the equivalent of eledricitg is a delusion 
based upon the accidental nature of the esperimenta. The troth, 
which became manifest only as the modem chemical theories were 
developed, is shown in Column VI., which shows that the quantity of 
any element released depends not upon its equivalent merely, but 
upon the state of combination in which it exists, aee § 109, tliat is 
to say, the valency of the radical it forms. 

254. CoKBiKATioN OP Eadioals, — It is evident that whether we 
call the formula of zinc sulphate, for instance, ZnO.SO^, or Zn,804, 
we have the same number of atoms, and, let litem have come 
together how th^ may, the ultimate result is the same. Now we ' 
can actually build up this molecule on the first formula ; that ia, we 
can dissolve the oxide of zinc in sulphuric acid, while we cannot 
form it on the second formula because SOi, the sulphuric radical or 
oxy-Hulphion, is not capable of separate, uncombined existence. 
We are thus able to get at the spocifc energy of the snlphatM 



212 

indirectly, by first ascertaining the heat of oxidation, and tlien thai 
of solution of the oxide in acid ; we thus get the total force, but 
only approximately, aa we cannot separate from the total the force 
due to change of physical state. Table XIV. gives the result in 
foot-ponnds of the experiments of Andrews and Favre, arranged as 
in Table XIIL ; the considerable differences indicate the difficulties 
of the process. 

Table XIIL — Elements xsd TOEm Pbofebtieb. 



,. 1 u. 


IIL 


IV. 


T. 


TI. 


viL 1 Yin. 


IX. 


Hune. 


ETmbiil 


Atomic 
wdgbU 

New. 


EqulT.- 

leaL 


V.JBB7 


Bectilc 


iDtHnelc Enngy 
QrilnEqoiyalent 


Veber Eqoi- 




Oiyg™ Chlorine 


Ahhjintjh .. 
Casboit .. .. 


Al 
C 


17'i 


13'7 
6- 


3-6 


9-17 


f 1946 


mCQ 


■0009370 


Ohlobinb .. 


CI 


35 "5 


«■* 


t 


35'5 




■0036389 


OoppobCu) .. 

„ cnreEOTTs 
Gold (fc) .. 

„ AraoTiB.. 
HrDHOOXN .. 


Cu 

s 

H 


63-S 

127- 

197- 


J'-75 

197- 


5 


3«'75 
63-S 
65-7 
197- 


1 4345 

/ 67)6 
{ 6841 


say 

48031 

47") 


■0033456 
■0064913 

■0067136 
■OJ01J78 


Ibon (otts) .. 


Fb 

Fe. 
Pb 


56- 


18- 


^ 


38- 


\ 7510 


9857/ 


■0018633 


lL) .. .. 


107- 


103-5 


, 


lOJ-J 


1 5494 


8880} 


•0105800 


XisaAstm .. 


Mn 


«■ 


I7-S 


1-6 






Mbbcuby (ic) 


Hg 


2O0- 


loo- 


» 


loo- 


1- 


S7931 


■0103133 


Nkkbl .. .. 
NrmoQEH .. 

OXTQEH.. .. 
FLATOimt (fc) 


5f 

N 

Pt 


59- 

H' 
i6- 
197- 


"4- 
8- 
98- ( 


3 

4 


39-5 

4'7 
8- 

4rH 




-■ 


■0304444 

■003 1 155 
-0004884 

•0008187 
-0050345 


POTAMraH .. 


K 


ir 


39- 


' 


ir 


4hs 


I9996f 


■0039867 


SiLTEB ,. ,, 


Ag 


io8- 


loB- 


I 


Jo8- 


;■„, 


690B) 


.0110400 


SODICH .. .. 


Na 


JJ- 


13- 


' 


3J- 


14593 


18785) 


■OOJ351I 


SULPHTJB 
ZlHO .. ,. 


S 
8n 


J2' 

ii8- 

6S-I 


le- 
jl-6 


i-6 
4 


i6- 

59- 
ii8- 

J3-6 


{ 3516 
6654 

/ 8394 
I 843; 


6197 

ioo8o\ 
99B5/ 


■0016355 
■00J3314 
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Tabix Xrv.— Fobob or Coubination op Osmi^ and Aoiiw. 



Oiideof 




NlWt 






|1759 


M" 


34iJ 










Copper 


\iS31 


1371 


"74 


Iron 


{li'sn 


I9'5, 


195 1 


Lead 




(.767 
\18j4 




Pot»saiiun 


b'93 


3898 
J°79 


1839 
1989 


Bilvet 




|.i,o 






f}ji6 


1779 


2918 










Zino 


&,i 


i6j3 


1649 



In the caBe of cMorides there is a certain oomplication, as 
seTeral Bctiona have to be cooBidered. (i) The actual combina- 
tion of HCl, which Table XIIL Colniun VIII. gives 4721. (2) As 
this is a gaseous body, its union with water gives further 32$8 in 
fu nnin g tbe actual acid. (3) The heat of oxidation. (4) The 
union of acid and oxide. But we have now two products, the salt 
and water, and therefore the beat of this latter must be deducted to 
ascertain the energy of the salt itself j and this again includes the 
heat + 01 — as the case may be, of the act of solution of the salt. 

I- HCl 473«l,„,„ 

2. Solution 3258[ "979 

The fonnulte (equivalent notation) now give the several further 
stages, taking for examples zinc and sodiuio : 



ZnO + HCI = ZnCl + HO, 
N.0 + H01.NaCl + H0. 

0. XIIL = ZnO 8427 NaO 

h. XIV. . 1649 

c. Above 7979 HCl 


14593 
305? 

7979 


„„ 'S" 


25605 



6841 



d. ZnCl 

Solution + 



HO 
NaCl 



18764 
103 



hyGtx>*^le 
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The lut fignret ftgree ' cloaely with thoee of the auhydrona 
chlorides, of which the zinc giree out heat ia dissolving, and the 
aodinm produces cold. 

I bare in this way calculated the salts in solution, and Coltunn HL 
Table XV. ia the force thas obtained of the several chloridea, while 
Coltunn rV. is the force developed by simple oombaetiou in chlorine 
MS. In this table I have given the forces in eqnivolts as well as 
foot-pounds, for use in a&r calculations . A similar process 
would, in the case of Bulphates, be more accurate than ^e one 
employed, if we knew the real energy of formatioD of 80^, because, 
when uniting the aoid and base we form water, aa well as the salt. 
I have omitted nitrates, because the reactions vary greatly, and AiU 
data are not attainable. 





Tam.1 XV 


— Esmar 


or pBOTO-SALTg. 




t I- 


II. SolptKtS. 


UI. ChloHdo. 


IV. 


BMTlorlbML 


Pt.-lb.per 


EoulTolU 


Pl.-lb. per 


^T^ 


^Suot 












S&n" :: 


8917- 


1-358 


68S7- 
7979' 


1-467 
- 1-707 


5861- 




9668- 




10599. 


3-168 


98(7- . 


Zinc 




.■148 


11214- 


i-400 


9985- 




i;7ji- 










Potaadnm „ 


.Bj,8- 


J-9IJ 


I9>6=- 


4-t3i 


19996- 



Is it not obvious that, by attaching figaros like these to che- 
mical symbols, we give them a new moaning and force ? if the 
principle were fully carried out, how clear reactions would become. 
Why is it that iron and zinc decompose snlplinrio acid while copper 
and silver do not ? The tables answer us ; the specific ener^, i. a. 
the attraction of copper and silver for solphiiric radical 80, is less 
than that of the hydrogen in the proportions shown, while that of 
iron and zinc is greater. If the deficient energy is supplied by 
heating, then copper and silver will react upon the acids : for the 
same reason nascent hydrogen or snlphuretted hydn^n can pre- 
cipitate the metals above hydrogen in the list, bnt not those below 
in acid solutions. Every chemical reaction is capable of similar 
measurement, and the day will come when we shall know just as 
well the mechanical equivalent of energy in such reactions as we now 
do the mass of matter taking part in them. 

355. SuBSTiTnrioNH of Ba'es. — -It follows from what we have 
seen that if, instead of directly combining two radicals, we aubstitnte 
one for another, the force of the reaction will be equal to the 
difibrence between the attractions ; and thus, if ^ 

D,o,l7PCihyGt.)t>*^le 
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10503 



rttdical for radical in a deecendiug Heriee, at each step we get an 

instalment of energy set free, and it ia found that these instalments 
bear a dietinct relation to the electromotive force of batteries so 
constituted. The action of the Dsniell's cell, which serves as a 
convenient starting point for measurement, is simply the snbatitn- 
tion of zinc for copper, for zinc is dissolved at one plate, and 
copper is deposited at the other : the specific enotgy, therefore, is 

Sulphate zinc 

„ copper 

4625 
Andrews .gives 5450 as the result of his experiments, but what 
the actual figure is, avraits more definite trials. 

However, we know pretty sorely the amount of electromotive 
force this reaction gives, viz, I'QT) volts, and Table XVL, with 
the preceding ones, will give readers pretty well all the information 
at present attainable; the npper figures are derived from those 
given by Andrews in calories per gramme as the result of his 
experiments ; the lower ones I have calculated from Favre's figures 
in the previons tables, and in the last column I have calculated 
these forces in volts, as compared witit that of the DanieU ta^en as 
datum. 

TABI.E XVI.— FoBon or Displacehsnt of Metals. 



m«w.dm™i. 


HeUOi Subetltnted. 


CilculatM Id 
Voltt. 


Lead. 


Iron. 


Zins. 


Zinc. 


Fktiimm 

Silver .. .. .. „ 

Metunry 

Copper 

Lead 

Hydrogen 


{9389 
f,63j 


8454 

,J7'9 
J3J1 


f.7605 

9414 
1 6616 

/ J 743 

3676 

}66i 


3-485 
-,■807 
1-390 
1-079 
■741 
■7JO 



2 56. Elsctbomotitb Fobob ahs Spboific Ehebot. — Havii^ now, 
as tir OB present knowledge permits, ascertained the energy of the 
various reactions employed in electricity, we have to discover how 
this enei^ is changed into an electric current, and to do this we 
mnst first ascertain the value in foot-pounds represented by the 
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Tolt — ^tlie measure of electric tension. Now it is obvioos, that 
this being a static measure, can no more be espreesed hj itself in 
fbot-pounds tban can the energy of a ton weight resting on the 
ground ; with the tension must be nnited time or motion. 

Just as the attraction of gravity acting through a unit of space 
furnishes the mechanical unit the foot-ponnd, so a unit E M F, a 
Yolt, acting through a nnit resistance, an ohm, will give us a unit of 
eleotrio energy if we employ some nnit which shall take in it the 
position which the pound takes in the mechanical unit. The con- 
siderations dwelt on (see g§ 195-7) ^how us that the only ^xiper 
element for this purpose is that quantity of matter to which Nature 
herself connects electricity, viz. 

=r-; = electric equivalent. 

Valency 

Any system of weighto may of course be used, and when (as 
must some day be) this conception is adopted as a fundamental 
scientific principle, of course the gramme or decigramme will be 
used. At present and here, I of necessity use that weight which is 
used throughout, the grain equivalent or chemic current. 

A veber of current is the effect of one volt in a circuit of one ohm 
during one second, and this current is equal during the same time 
to 5*68 chemical units, or in ten hours produces j'68 equivalents 
of chemical action measured in grains, see § 242. 

The energy developed in or absorbed by a circuit is in the ratio 
of the square of the current, or, what is the same thing, of the 
^ electromotiTe force producing the current. This energy or work 
may be measured as heat, or in mechanical units ; and the value for 
a veber under nnit conditions is in calories '24055, which for ten 
hours gives 

Teber equivalent, calory •34055 i'36i3659 
Caloriea to foot-pounds, 3'o639 . . 0-4862768 
Ten hours = 36000 seconds . . 4'5563025 

Foot-pounds 4*4239652 = 26544 

-J-5*i58 -7543483 

Foot-pounds pervolt equivalent, . 3*6695i69 = 4673 
Ten hours divided by 5 • 68 gives us 6338 seconds as the number 
of vebeis required to effiect one grain equivalent of action. Hence 
we get by the absolute system 

Work of veber, absolute units, 1000 . . 3 ,000,000 

Absolute unit in foot-pounds, XTIL, L 3 .."4-8676627 

6338veber8 3'8oi9447 

Foot-pounds per 6338 vebers 3*6697074=467} 
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The same reeult may be obtained in a yariety of vays, and each 
of tbeBe calculationa (experimeats made in Sgaree) furniebeB eome 
data which, with others similarly obtained, I have transferred to 
Table XTII. for use in other cases. This resnlt ia of supremo 
importance, for it gives a definite meaning to the volt, which has 
hitherto been too ideal to grasp, see § 258. 

257. GoNTBRBiOH or Units. — As facts and fignres are varioosly 
expressed in different works, and as by the doctrine of the Correla- 
tion of Energy, any form of energy is equivalent to, and may be 
represented in any other form, I give here the values of difTerent 
units in sacb form as to fecilitate their ready conversion and tisa in 
snch calculations as the foregoing examples, see § 249. 

TiBLI XVIL — VimKfl iSD CONTEBSION QP UnTTS. 



Nune of Dnit 



:. AbBolate Dnit (gm-m-ge 

I. Ditto 

;. Ditto 

I. Oramme 

;. Metre 

J. GrammD-melre .. 

U Calory (gm. degree C.) 

). Ditto 

). Calory per grftnune ., 
1. Ditto ditto .. 

[. Voltfio') 

lOlimCio?) 

;. Veber (iq' + icJ) per b 
]. Ditto(ourreiit for equal time) 
;. Ditto work ot(io—')'x 10' 
i. Ditto ditto por ohm 
7. Ditto ditto ditto 
i. Ditto heat of ditto 
J. Ditto work for 1 eqaivalent 
J. Ditto time of ditto . . .. 
I. Chemio in lo hoars, § no 
1. Ditto as current .. .. 
}. Ditto work of per ohm . . 

,, EgmTOlt,§3S7 

;. Ditto 

5. Ditto 

7. Ditto 

B. Ditto (to lb. degree Fah.) 
). Ditto per grain eqaiTBlent 



Qromme-metre 
Foot-pound.. 



Foot-pound . . 
Gramme-melrea 
Foot-pounds 
Ft.-lb. per grain 

Suivolt ditto 
solute units 
Ditto .. .. 
Ditto .. .. 
Chemica 
Absolute units 
Gram me-metreB 
Foot-pouadB 

Foot-pounda 



Abaolute aoiCs 
Gremme-metrea 
Calories 

English heat unit 
Calf, pergrm. eq. 



■00024065 
OO0737J3S 
15 "434 
3-38089 
■00733)9 
43r5S 
3-0639 
■r9B;47 
■0000415 



■7J7J5S 
■ 34065 
4.67J- 
6,J38- 
6,3J8- 
•176056 
821-75 
4671" 
6137950' 
646004- 
1535-210 
6-05JJ 
335401 



0082849 
5813859 
B676637 
1B847B5 
5159916 
85937" 
6269047 
48^3768 
1977983 



B3849 
■86766 J 7 
■3813859 
^696074 
■8019447 
8019447 
3456517 
9153666 
6696074 
8019486 
8102353 



258. The Equivolt.-— This is tbe name I propose for the unit 
suggested in § 256, which unites the ideas of "quantity" and 
tension, and connects them as a definite value with the atomio 
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equivalent, and bo multiply all the actual valnea given 

■fc 'r4J4- 

fe IB only a matter of detail; tlie principle is to express all 

^ 'rent forces in a single unit, to connect that tinit with the 

and equivalent constitution of matter used by Natore, and 

e the unit itself one which is readily capable of actual 

"ement and experiment; all this the eqnivolt does, and while 

litatee calculations, and will make the difierent relations of 

■nore readily apparent, it is of course to be converted in a 

"nt to any other unit by multiplying by the proper constants, 

ven in Table XTU., p. 217. 

j. Contact and Chemical Thbobiks. — Having now ascer^ 
ed, as far as existing data permit, the force generated by various 
uical actions, and the force necessary to produce a given electric 
'-ent, and having reduced these to one common measure in foot- 
■nda and eqnivolts, we have to learn how the one is converted 
u the other. 

irom the first days of the discovery of current electricity by 

.ivani and Yolta, two theories have been sustained, (i) The 

j.tact theory, which supposes that at the point of contact of two 

similar metals, a disturbance is effected in the supposed normal 

.jitribution of electricity, aesTuned to bo a constituent of all bodies, 

-iiich, extending to bodies in contact, sets up electric and chemical 

jects. (2) The chemical theory, which regards the chemical 

^tioQS accompanying the current as the real sonroe of tile action. 

^'he last theory is the one now accepted, as the contact theory is 

wholly irreconcilable with many fecta, although it has recently 

ueen revived by some of the leadmg niatiiematicu electricians : the 

contact theory baa indeed many points of fiiscination for minds of 

the mathematical type. 

The molecular theory adopted in these jtages really combines the 
tmtha of the two others in one harmonious system. 

Admitting the existence of atoms and molecules as described 
(§§ 9 and 109), and the possession by them of mutually attractive 
powers varying in degree with their nature, it becomes self-evident 
that as soon as any two different substances come within the range 
d their mutual attractions or in contact, they must exert a disturb- 
ing action on the arrangement of each other's constituent particles : 
those atoms in the two bodies which have the greatest attraction 
for each other will necessarily turn towards each other, and weaken 
if they do not altogether overcome the attractions which hold them 
in their original arrangement : the disturbance tbns caneed is ne- 
cessarily propagated to the contiguous molecules; hence is pro- 
duced a consecutive orderly arrangement called polarixatitm, tending 
to complete a dosed chain oi circuit, owing to the action of the par- 
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tially releued (or, sb it ia often, but eTToneonaly , gtated, repelled) 
atoms seeking fresh partners or points of naioa. 

25a Galtahio CtBomr. — We may find sn illuBtration in mag- 
netism. We ms; regard the atom as a small magnetic needle, the 
molecnle as two anch needles moantod on a stem with their poles 
opposed, forming an astatic needle in which the attractions of the 
several poles satisfy each other ; now, this needle being suspended 
fireely, will be ind&erent as to position, bnt if we bring a m^net 
near, the existing internal eqnilibriiim ia deranged, and the astatio 
needle will place itself in some position due to the external infla- 
ence ; the same will occur if we bring a second astatic or combined 
Bystem near the first (they being capable of free motion in any 
direction) — they will arrange themselves thns : 

N S N S 



sr S N 



And if a number were so arranged as to place themselves &eely, 
they would form a closed circle of astatic needles, or molecules 
polarized. Further, if one astatic pair be examined, it would be 
found that there is an attraction between the two constituents 
which would be measurable if the wire joining them were a spiral 
spring, which wonld be compressed by this attraction ; bnt looking 
at the second arrangement of the needles above, we perceive at 
once that as soon as the separate systems eiert part of their attrao- 
tions externally or along the dotted line, the internal bond, the 
spiral spring, would have less force exerted on it, and the needles 
would increase their distance ; that is, the intramolecular forces are 
weakened, and an intermoleculor attraction set up. A very suuilar 
illustration will throw light npon the processes by which we may 
conceive the transmission of energy as onrrent along the wire. 
We may imagine a line of equidistant supports carrying magnetic 
needles, which ccut therefore tarn on their axes bnt not change place. 

N_8 M_8 H_S N^ 8_ 

+- +- +- +- + 

Such a system would arrange itself in polar order, and on the 
presenting of a S Pole, 8 + , each magnet would in torn revolve and 
transmit this motion along the line, or if the terminal magnet were 
forcibly moved a similar action wonld occur, and by it mechanical 
energy would be transmitted, losing itself partly on the way by 
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frictioa; the more diBtant magneto would also have leas effort 
exerted npon them, under conditions analogous to the fall of 
tension in a conductor, § 215. 

261. FoLABizATioN BY PoBiTiTB MetaIu— These ideas are readily 
transferred to the atoms and molecules of matter, for there is very 
great reason to believe that every atom is endowed with a species 
of polarity similar to that of the single needle. A piece of zinc is 
immersed in sulphuric acid and the molecules in contact instantly 
arrange themeelTea thus : 



one of the atonts of sdno attracting the snlphnrio radical SO^, and 
weakening the previous internal attraction of this for the hydrogen 
which, with the second atom of the zinc molecule, similarly exert- 
ing external force, acts in turn upon other molecules, till a complete 
chain is formed through the lines of least resistance ; if we con- 
tinne the formulee through the action of a DanieU's cell, that is, 
throu^ Bolphate of copper and a wire, it is easily traced. 

- zC^. SoTh^. SoTcil C^Tc^. + 

The npper bracketo show the original molecnles, the lower one the 
new attractloiffi exerted and new molecoles ultiinately formed ; the 
diagram thus shows one atom of zinc removed from one plate and 
one atom of copper deposited on the other, while the free atoms of 
zinc and ct^per propagate the polarization through the connecting 
wire. A single molecular action is shown here for simplicity, but 
the full effect can be traced out only in a number of such chains 
parallel and completed. At present we only seek to examine, not 
the complete action but the forces engaged in the action of one 
molecuW chain, and the diagram shows it to be the specific energy 
given np by zinc combining with eulphnric radical, less that 
absorbed in separating copper &om the Bsme radical; energy which 
appears as heat in ordinary circatostances, as electricity when the 
polar chain can be formed; in this latter case dismptive action 
occurs under a degree of force which would not permit direct 
chemical reactions ; in &ct, the best practical electromotors are of 
this class, where the chemical affinity produces, not disruption, but 
only tendency to it, i.e. polarization, the actual disruption and 
complete chemictd reaction only occurring when the chain, being 
completed, allows the force to be distributed along it. This, as a 
fact, is already generally understood, but the process by whioh it 
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tak«B place is not, and yet more, the electromotiTe force is gene- 
rally Bet down ae holding some direct and simple relation to the 
specific energy or chemical afSuity alone, which ig not really the 
case, § 266. 

262. AonoNB AT NioATiTE pLATE. — We hsTe Been, g 354, that 
the total force possibly to be obtained &om the equivalent of zinc 
Bolphate is 10,503 foot-ponnds, or, the volt being 4673 foot-ponnda, 
we may say that tbe groBs electromotive force of zinc is a '248 
rolts, less deductions to be now ascertained, (i^ There ie the 
enei^ absorbed by the aabstance set free — copper in the Daniell ; 
nitrons gases in the Qrove and Bnnsen, chromic alum in the 
bichromate (some of these may be simplified by regarding the 
process as the liberating of oxygen from prior combination), and 
most serions of all, hydrogen in ^e single acid cells. ^2) There is 
the effect of the negative plate itself, and this has hitherto been 
generally overlooked, although it ia well known that tbe electro- 
motive force of a cell varies with the nature of the n^ative plate. 
The theory now under consideration will tell as why. We havie 
seen tbe zinc polarizing the liquid, bnt on the same principlefl 
every metal would attnkct the acid radical and tend to produce 
polarization. Hence tbe force of polarization produced on the 
chain is tbe difference between the two attractions of the metals ; 
this means a straggle between the two metals for tbe possession of 
the Eolpbnric radical, and only tbe balance of the greater force is 
available to eject, say the hydrc^en, and having done this at an 
expenditore of 6841 foot-pounds the residue is all that remains to 
develop into electromotive force, and ultimately into work, and 
into heat distribatod according to the well-known laws of the 
ratio of the resiBtance. The total possible force of a Smee or 
similar cell is therefore — 

Total force of zinc foot-ponnds 10503 : 

Absorbed by hydrogen „ 6841 

= 366a 

and from this has to be deducted the oonnter effect of the n 
or collecting plate. 

263. Here we have tbe explanation of the rapid failttre of power 
of tiie single acid ceUs, such as the Smee, § 121. The E M F 
tested in such a way as to prevent its working, as by condensers c^ 
against a very high resistance, is much larger than this. Clark 
gives it as i'098 and as only -487 when working; the difference 
is probably the energy absorbed in rendering hydrogen gaseous ; 
for under the first condition (high resistance and very siuiU cur- 
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rent) the hydrogen set &oo does not actually become a gas, it 
either forms a liquid (metal) film on the plate, or entera into a 
partial omon with it, or is diaeolved in the liquids, and the force 
which .would be required to gagify the hydrogen ia, therefore, 
available for electromotive foroe. 

264. In estimating the counter force of the negative plate we 
require some starting point-to fix an actual value on what is other- 
wise only relative, aod carbon ofiers a material whose counter force 
is so small that in the general uncertainty of the figures at present 
available, we may safely count it as nothing, because, although a 
conductor like the metola, unlike the metals it has no power to 
replace hydrogen as a base, or to form salts with acid radicals ; . 
hence it is that, properly treated, carbon gives the highest attain- 
able force, and that ne may assume, without much risk of error, 
that the force it gives is the force of the + metal, less only that of 
the substance set free at the — plate. This applies, however, only 
to nitric acid and similar cells, on account of the great capadly 
carbon possesses, like platinum, of condensing hydrogen upon its 
Burfeoa. 

Taking the value of the nitric acid cells as given by Clark, 
Table XYIII., and expressing all the forces and actions in the 
eqnivolt, we obtain, as a starting point, the force absorbed in 
decomposing nitric acid. 

Total force of zinc volts 3'a48 

Carbon in Bunsen cell ,. ., „ ^'9^4 

Force absorbed by nitric acid .. „ '284 

In the Grove cell, all the conditions being the same except that 
platinum replaces carbon, we have 

Force of carbon i*9^4 

„ platinum ''95^ 

Counter force of platinum .. .. -008 

These examples show the processes employed in calculating the 
following tables.* 

* There arc pecnliiiritiea hitherto unnoticed in the behsFiooc of carhon and 
platianm as DegatiTea. In some eipenmenis I have need two platea of the same 
■ize in different rei^entg. In dilute acids and in chromic acid I found the EMF 
with carbon one-siith greater than with flatinum. But when the same plates 
were nsed in nitrie acid, the platinum gave very slightly the greater force. This 
would indicate a source of the different results by different eiperimentera ; the 
carbon n known to rary in quality and so does platinum, and besides this there i> 
probably a different relation with each variation of qoality, to the actd radicala of 
different ei " ' 
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265. Elkotromotitb Fobob of Cxllb. — Table XVin. ia com- 
piled from TariouB eonrces, aa there is a great difference ia the 
values given by different authorities. My own determinations, made 
for the calculations now being oonaidered, were made with a sine 
galvanomoter through a resistance of i;oo ohms, and with the 
apparatus described, S269. They only claim approximate accuracj, 
bat answer tho pnrpoBea for which they are nsed. 

Table XIS. rfiows the eleotromotive force of Grove's cell under 
different conditions; it is derived from Foggendorf, and Is very 
instructive. The different force given by the acids in different 
d^rees of dilution well illnstrates the mode of conversion of 
spedfio energy into electric force. As we mix tho add with water 
it develops heat, and this means loss of potential energy, therefore 
a diminished amount available for nse ; for the same reason heating 
the liquids increases electromotive foroe. Still my own experiments 
do not show that this source of force prodoces anything like the 
effect shown in lines ii and laof Table XYIII., on the anttiorityof 
Clark and Sabine ; I find that the dilutionof the excitant snlphorio 
acid seems to affect mainly the resistance rather than the E. M. F. 





TiSLB XIX.- 


FoBCK or Qbovb'h Cell. 








ZliM Id Su^nnc Add. 


PliUnimi to Nitric Add. 


Fom. 






Specific gravity 1-136 

„ 1-1J6 

„ „ 1-060 

'■136 

SnlpbateofziiHi.. .. 

Common salt .. .. 


Concentrated .. .. 
Speciflo gravity 1-33 

I '19 
>, 131 


I 955 

1-809 
I -730 
I -681 
I-6JI 
1-673 
I -905 





I have found in all cases, as shown in the last line, that solation 
of salt in contact with acids gives a higher electromotive force 
than sulphuric acid does, this being due to the reaction of the two 
liqoids npon each other, which comes in aid of the zinc. It will, 
however, give higher current only when the external resistance is 
large, as its own greater resistance countorbalancee the extra force 
it generates. A glance at Table XY. will explain this, as GoL IIL 
shows that the force of chlorides in solution is greater than that of 
sulphates except in the case of tho acids themselves : the conse- 
quence is that eulphurio acid acts upon salt, the chloride of sodium, 
and metallic chlorides are produced together with sulphate of soda, 
and this extra force is added to that of the circuit, as it is in the 
tame directiott. 
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Table XX. contains my own experiments on the nitoio acid and 
omilAT cells, orranged to show both the effect of different oxidizing 
Bgents, and also the effect of different metals as positdves : 

Table XX. — Poaois of Elsotbomotors. 





u. 


DL 


IV. 


V. 


NegiUTe CeU, 


FMtdTeCeU. 




afPoriUve. 


iX. 


PUUn™. 


BolpliDHeAcId 

1 to 10 VOXT. 


r«c8. 


Nitric acid, sp.g. I 334 

Nitrate of soda end sul-1 
phorio acid / 


Zino 

Zino 
Iron 
Zino 


r-75i 

1-184 

1-540 

1-096 
I -905 


1-248 
1-67' 


■487 
■708 



266. FoBOK OP PoernvB Ubtalb. — From the force given by 
each combination in Table XX ^ and neiug the force of zinc already 
obtained by calculation from Favre's eiperiments aB the starting 
point, the value of other metals is readily arrived at. Taking 
2 - 24G volts or equivolts ae the total vbIuc of zinc, the actoal 
force generated under any given conditions gives the loss or force 
absorbed by those conditions. In the Grove we have 2-248 — 
1*761 = *487 ; all the conditions, except the positive metal, re- 
maining nnchiutged this is a constant loss, and by adding it to the 
actual force each metal yields, we evidently obtain the total force 
that metal can generate. I give in Table XXI. the results of 
several such processes, and also the value derived from Favre's 
fignres of the snlphates. 



Table XXI 


— FOBCB 07 


PoBiTiTB Uterus. 




angle Cell. 


Zinc 


llBO. 


Cop^. 


saier. 


Table XXin., Col. II. .. 

DanieU'8 

Grove's. XX., CkiL IV. .. 
F»vre,XV 


3-348 

„ 


'■7'J 
1-701 
1-671 
a -069 


I- 180 

I-37J 

1-158 


I -174 



These figures agree ami 
given by different authorities for the e 



nore closely than those 

i experiments ; but iron 

Google 
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pieBents an anomaly, owing, probably, to its capacily for forming 
two Bets of salts. However, while Favre's figures make its value 
2-069, Andrews' gire it as i ■888, so there is obviously room for 
further information. 

367. CouNTBB FoEOB OF Nbqatiybb. — It was pointed out in S 262, 
that while tho chemical action at the positive metal is the sonrce 
of the electromotiTe force, thero are two actions at the negative 
plate which diminish or absorb part of this force ; the first of these 
is the opposing power of the negative plate itself, which we mav 
call the connter force of the negative. This can be ascertained, 
like the positive force, by keeping all conditions constant except the 
negative plate. Table XXII. -gives the forces produced by both 
sets of changes at one view. 

Table SXII. — FoBOE or Hbtau in Sglphdsio Acid. 





PoeMves. 


Neg^liv™. 


aiver. 


Copper. 1 Iron. 


Zinc. 


Platmnm 

Silver 

Copper 

Iron 


m 


■599 

■rj9 


■841 


1-367 

■861 
■S58 



The platinam line and zinc colmnn are the observed figures ; the 
others are calculated from them. The forces are those produced 
against such resistance as prevents the formation of gas ; by de- 
ducting ' 583 from them wo get the force nnder working conditions 
(§ 262), though here, again, iron shows a discrepancy, as it would 
appear that iron and zinc would not produce a working current, 
thongh in fact they do. 

As the full force of zinc is 2*248, and 1*367 is the highest actual 
force, we have 2*248 — 1*367 = '881 as the constant quantity to 
deduct &om the total loss which each negative metal shows in the 
same way with zinc ; thus silver and zinc give i * 107, which, taken 
frcm3*248, leaves 1*141 — *88i = "afio as the counter force of 
silver. In this way Column III. of Table XXIII. is obtained. 

I may here remark that platinized silver, though coated with 
platinnm, acts precisely as silver so lar as the force is concerned ; 
its value is in throwing off the gas, and so diminishing resistance ; 
and hence it would appear that it is more economical in the long 
run to use platinized platinum than the cheaper silver always 

Columns IV. to YII. of Table XXIII. show the net force due to 
the metals of each combination ; that is, deducting the oonnter efTect 
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of the iiegfttive plate, but not that of any chemical reaction, which 
is considered separately in next section. Some writers aaj that 
this relation is constant for all liquids, bnt this ie entirely mis- 
ieodiug; it is wholly a matter of chemical reacticma, and the relations 
may eren be rereraed ; thns iron is positive to copper in acids, 
bnt copper is positive to iron in snlphide of potaseinni and other 
liqnids. See § 164, p. 117. 

The fignree in the table are based on Bnlphnrio acid, bat are 
approximately correct for all the ordinary combinations, as may be 
seen by Table XXI. : 

Tablb XXIIL— Fobcb or Metals nr Voltb. 



L 


U. 


ra. 


IV. 


- 


Vt 


vn. 






0,™«r 


FlH«ofF«lllT«H 


ppawHoColUBUiI. 




«„^. 


HepUlTU. 


ZlDO. 1 Inn. 


Oopp«. 


8U«r. 


Cwbon .. .. 








S'i48 




r-3Bo 




Flatiunm .. .. 


(?) 


•008 








1-166 


SUTer .. .. .. 


1-174 


■35o 


1-988 


'■455 








I -180 


■S06 


I '741 










I -713 




I '439 








Zino 















269. Chemical Covhtbr Foboi at Negatiti Plate. — The 
second dednction from the electromotive force is the chemical 
action in tlie liquid in contact with the amative plate. In § 262 
the force of setting hydrogen &ee is set down as I ' 464 eqnivolts ; 
this is in excess, no doubt, for it is the force of combustion of 
hydrogen, which includes the latent heat of gasification of oxygen ; 
in fnll work, however, the batteries do really appear to absorb this 
amount, for the counter force of hydrogen coating the plate makes 
it up. Taking the force when hydrogen ia not actually set free as 
- gas, we may obtain the latent heat or energy of gasification. 

Force of Smee observed 1-107 

„ sUver zino, Table TXTTT, 1 -988 

Difference = absorbed by hydrogen .. .. '881 

Force of combustion of ditto .. .. .. .. ^'A^A- 

Probable latent energy of gases -583 

This is the deduction to be made -from Table XXII. to get the 
working force. By similar processes we can obtain the energy 



absorbed ia each of tbe different actions, and thus is forme 
Table XXIY. 

Tablb XXIV. — FoBOE Abbobbed m Neoatitg RsAcnoNa. 

EqairolU. 



Single cells : free hydrogen 

„ liquid ditto 

Nitrio aoid: fimiing 

„ specific gravity 1*38 . 

1-33 ■ 
1-33 ■ 

Nitrate soda and snlphnric acid 

Bichromate potash 

Manganese peroxide 

Copper in Daniell 



506 



By deducting the proper one of these figures from the proper one 
in Table XXIIL, every information can be obtained as to the proper 
mode of forming batteries, and much waste of time and money may 
be saved in testing any idea which occurs as to a probable combi- 
nation; if the requisite metal or liquid is not in the tables, the 
first tlung to do is to make a simple ezperimeat, and add the resnlt 
to the proper table. Such a proceM would at once dispose of many 
of the crude ideas which suggest themselves to experimenters. 

The figures in aU these tables refer, of course, to the perfect 
condition of things, and at first starting ; in all cases the changes 
which occur in action soon rednce the force. 

. 269. Appaeatds »oe Eipkbimbhts. — As some readers may wish 
to make experiments on the electromotive force of chemical com- 
binations, I will describe the apparatus and process I have, after 
many trials, found most convenient, the object being to exchange 
one part for another rapidly, and without confusion or mixture of 
snbstances. 

(i) A stand fitted with two binding screws for the wires to go 
to the galvanometer and resistance, which connections may thus 
remain undisturbed for any required time : the screws are con- 
nected to two mercary cups into which the wires &om the elements 
dip, thus permitting these to be instantly exchanged. 

(2) A U tube of glass or wood cemented, or, what is the same 
thing, a vessel with a partition descending nearly to the bottom ; 
this contains dilute suphnric acid or any other liquid which is 
suitable to the other liquids to be employed at the two elements 
which it serves to connect. 

(3) A number of small porous tnbes (3 X i inch are suitable) 
capable of being supported is the U tube at the proper height. 
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(4) The TitrioiiB metallic plates are each fitted with a wire of 
Bnch length aa to dip into the cops oq the stand while the plate is 
BOBpended in the porous tube. 

This apparatus permits the exchange of each of its oonstituenta 
in an instant, and in trying varions liquids there is little dis- 
turbance by endosmose, as me two porouB cells containing 'them 
are immersed in a bath of intervening liquid. Of coarse, for 
experiments with manganese, Bnlphates of mercury, &o., a porons 
cell is to be mounted for each substaace ; and in comparing nitric 
acid and other oxidizors, &c, a clean carbon must be used with each 
liquid, butplatiniun is better, if washed and made red hot. Either 
a tangent or sine galvanometer may be used, and in either case the 
first thing to do is to ascertain what deflection is equivalent to a 
force of I volt, as described § 176 : or such a galvanometer as the 
universal instruments, §§ 179, i8o, simplifies mattera by showing 
the results direct upon the dial itself. 

270. To MxAsuBB Eleutkohotivx Fobcb. — This has to be done 
in the terms of some standard cell, usually the Daniell, the force 
of which is known, but if the exact resistance, internal and external, 
of the circuit and the current generated bo known, Ohm's formula 
C X B = E gives the force in volte, but as the force and resistance 
are conetantly altering in a working battery, this process gives us 
the actualforceatthe time, not the jwfenfialE.M.F. of the battery. 

(1) With a delicate galvanometer, ou which a fixed deflection can 
be obtained, the forco of any cell or battery will be proportional to 
the resistance, including of course that of the galvanometer, &e. 
If the resistance is made very large the internal resistance of the 
cell may often be neglected if not known, 

(2) The same process may be used with small resistances and 
full currents, but in that ease the internal resistance must be 
included in the totals. Both rules depend on the law that for 
equal currents the force is in direct proportion to the total re- 
sistance. By carefully measuring the total resistance in the case 
of a Daniell cell and dividing this by i '079, we get a constant 
representing the force of i volt, and dividing the resistance 
which with any other cell gives the standard fixed deflection (on 
the same instrument, of course) by this constant, we get the force 
of the cell under trial in the same manner as described more fully 
below as to Wheatstoue's process. 

(3) With a very delicate sine or tangent galvanometer and a 
large resistance, the amount of which need not be known provided 
it is always the same, the electromotive force is proportional to the 
sine or tangent of the angle of deflection, and having once ascer- 
tained the angle given by a Daniell, and &om it that due to 
I volt, the instrument can be marked, or a table made of the 
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deflectione, so as to read off direct in volts the eleotromotive force 
oauaiug the deflection. This is the plan used § 269. 

(4) WheatBtone's plan is available either with large or Bmall 
reaistauoee : it depesda on the production of two constant deflec- 
tions, In this and the following cases I will nae in the formulte 
capital letters for the standard cell and small letters for the one 
to be measured, E, e being force in volts, B, r resistance in ohma, 
G, c cnrrent in vebere, B, h the standard cell and that to bo 



A is connected with anch resistance as is neceasaty to piodnce 
the first fiied deflection, say 20°, and a further resistance, B, ia 
added sufficient to bring the deflection to a second fixed angle, 
say 10", 

a is now arranged to give 20°; the resistance rei^iuted for this 
need not be measured, as it will vary with the inteinal resistances 
and has nothing to do with the calculation : further resistaooe, r, 

is now added to brii^ the needle to 10°, then e = E ^ in volts. 

This may he simplified by once for all ascertaining the resist- 
ance value of I Tolt, and I will exemplify this by an experiment. 

A large Daniell with an external resistance of 2*41 ohms, and 
a total resistance of 2 91, marks 30" on a galvanometer; an extra 
resistance of 3*11 brings it to 10°. Of course, it will require the 
same total resiataQco with every other Daniell, la^e or small, to 
reproduce these deflections, but the external resistances will be 
different in all oases for the first deflection ; the second extra 
resistance will be always constant : it is, therefore, a figure repre- 
senting I '079 volts on this instmment between these angles, then 
1-079 • ' ■'• 3'^' ■- 3'882. This gives the resistance equiva- 
lent to I volt, and all future experimental resistances divided by 
this give the force of the cell under trial — for instance, a Smee 
cell in full work took t'35 extra lesisbmce to bring the needle 
from 20° to 10°. The formula works out thus : 

.■n-rn V ilil = ■ aM. 



By nsing the constant obtained at the first experiment, the multi- 
plying by I '079 is for ever after unnecessary, for ■ ^ = ■468. 

This is the simplest and best plan for obtaining actual working 
forces at any time. 

(5) Clark's potentiometer is, perhaps, the best mode of mea- 
eunng the absolute tension or potential of a cell or battery. It 
is an instmment resembling Wheatstone's rheostat (Fig. 50, p. 
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157). In fact, hj a slight modification tlie rheostat may bo easily 
nuMd to serve the purpose, as I will show. 
Fio. 65. 




B is the rheostat, to which an extra binding screw is to be. 
added to provide two cironits, from i through the whole wire to 2, 
and also from i throngh part of the wire to the travelling contact, 
and thns to 3. Any other apparatns may be used, even a long fine 
wire fixed over a scale along which the wire shown as connected to 
3 may be moved. 

£ is a standard battery connected throngh a galvanometer, G, as 
shown ; N P is another battery (both should be constant) connected 
with a resistance, r, which is to be varied till these two batteries 
exactly balance, and the galvanometer, 6, shows no defleotidn. e is 
the battery to be measored, and is connected as shown (all three 
negative wires connected blether at i), throngh a galvanometer to 
the shifting contact at 3. 

The effect is that in the wire of the rheostat or potentiometer 
we have every degree of tension from np to that of E, say i ■ 079 
'volts, if E is a Daniell ; therefore as the shifting contact is moved 
by revolving the rheostat core, e has opposed to it every degree of 
tension, and a cmrent will pass from or to it until the contact 
reaches the point of the wire in which the permanent tension is 
equal to that of e, when the galvanometer returns to o, and the 
scale will give the tension in parts of that of E, and this being 
known, that of e is calonlated from it. It wonld be easy, if a 
standard cell or battery were once fixed upon, to arrange the wire 
of the instrmnent so as to divide it into the actual volts of this 
cell, and then all future experiments i^ould be read off direct 
without calculation.' 

* Id the raore rec«nt (brms of the Instrumeat tbi> plan hu bwa adopted, and 
the cell described § 161 is used as the standard. 
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Wlien the force of e is greater than that of E their positions ore 
to be esohanged. 

Clark says that by means of a mirror galvanometer and a 
oarefal graduation of the instrament it is easy to^ettsore tensions 
to the ten -thousandth or even hundred-thousandth part of a 
Doniell cell. 

(6) Btf Condensers. — The force of cells may bo compared by 
the several charges they can give to a condenser, but this process 
is one most uset'nl in such technical work as testing cables, and 
those employed in such work will have access to those books which 
enter into this class of subjects more completely than is possible 
or necessary here. 

271. MXASUBEHENT OF InTEBNAL BbSIBTANOX OV BaTTXBIBS. 

(1) By Ohm's FitrmtUa. — This may be ascortained by Ohm's 
formula when Uie electromotive force and current are known, for 



gives us the internal. 

{3) By SiTie or Tangent Galvanometer. — 'By means of any known 
resistance prodnoe a deflection; add further resistance until a 
deflection is produced whose value in current is exactly half that 
of the first. As the current is halved, it is clear the resistance has 
been doubled — i. e. the second resistance is exactly the same as the 
first ; therefore it is only necessary to deduct from this the known 
external resistanoe, including, of course, that of the galvanometer 
and connections, and the residue is the internal resistanoe. 

(3) By a Shunt. — ^This process, devised by Mr. Desmond Fitz- 
gerald, is by far the simplest. Prepare a shunt or connecting wire, 
the resistance of which is exactly the same as the sum of »il the 
other external rMistances— viz.^Uie galvanometer, which may bo of 



any kind, and all the connections (and if any work is doing, the 
resistanoe of that also). Fig. 66 wUl now make all plain. 
Fio. 66. 




First oonnect as shown, so that the current from the battery N P 
divides itself through the two equal resistances, (i) S, the shunt. 
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(2) tluoagh G, the galTanometer, and B, tbe resistanoe mfitrnment, 

and note very carefnlly the deflection at 6. 

Now diaconneat the ehant 8 ; the whole current then passes 
throiigh the other circnit, and therefore the deflection at G in- 
creases. It will be seen that in this second condition the external 
resistance is doubled, because, by the laws of derived circuits, the 
resistance of two equal circuits together is just half that of either 
of them alone, bnt tiie internal resistance of N P remains nnchanged. 

Increased resistance is now added at It till exactly the same 
deflection as at first is produced in G ; this extra resistance is 
exactly equal to the internal resistance of If F, beoaose its addition 
brings the current to its original amount by doubling the internal 
resistance, as the removal of the shunt previously doubled the 
external. 

There ore several other processes, but they require formulae and 
calcnlatiouB, and I have Bclected tbe foregoing modes of measuring 
both the force and resistance ijf batteries as the simplest in principle, 
most readily performed, and accurate in results. 

272. Shunts. — These are derived oironits, S 238, and the term is 
of course derived trom the railway process of ihunling a train on to 
a second set of rails ; it is very useful to have at hand such secondary 
circuits prepared to correspond with instruments they may be 
required to be used with. Of course any wire led across connec- 
tions acta as a shunt for just such part of the current as equals the 
ratio of the resistance, and therefore a second resistance instroment 
serves the purpose ; but for such uses as that described in last sec- 
tion, it is convenient to prepare a special wire, equal to the known 
reststance of tbe galvanometer and fittings intended to be used 
for the purpose, and eoil it np with its ends left just long enough 

■ for convenient use, and label it with the purpose it is made for. 
For other occasions, shunts are required bearing a known ratio ^, 
i-ioth, i-iooth, &c., of the circuit fliey are to be used with. The 
following formula gives the proportionate resistance in such cases. 
B is the resistance of the instrument whose indications we desire to 
multiply, « the multiplying ratio, and 8 the resistance to be given 
to the ijinnt : 

S = ex. — i3__ =-;5Sj. 

n-i loo-i ■"■'^ 

273. Bhunts should be made of the same material as the circuit 
they are used with, so as not to have their ratios disturbed by 
external temperature, S 323. 

It is impossible to avoid the effects of self -heating by the 

current : in order to have the same action in botb circuits the wire 

of the shunt onght to increase in weight in the same ratio as the 

current it carries : but for obvious reasons of economy and con- 
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Tenienoe, this caniiot be done : in fact the reveree is nearly always 
the case ; a thinner and shorter wire being used instead of a thicker 
and longer. ThereforenoshnntB supplied nithgalvanometeiscan be 
relied on if more than momentary cnrreuta are passed through them. 
174. Work os Heat Yaeibs as the Squabx or the Cueexnt. — 
Tbe folloiring formnlte give the heat or work developed in any 
circuit or any part of it by expressing the varioas factors in their 
proper unite, E in volts, B in ohms, in vebers, t is time in 
seconds, and c is the constant in each case representing, in Table 
XVIL, p. 317, the value of a veber's work: 

1. C» X E X ' X c. 

2. X E X ( X c. 
Wx t X c 

'■ E 

That is to say, in the same resistance and time, the work of the 
ourrout varies as the square of tlie current, or while on the formula 

E 
C = =-, the current itself nnder these conditions varies directly in 

the ratio of the electromotive fores, the work or heat of jJie current 
yaries in the ratio of the square of the electromotive force. 

This is a serious stumbling-block to many (especially when 
regarding electrici^ as a fluid) who cannot perceive for what reason, 
merely doubling the quantity of a fluid passing should endue it 
with fourfold force ; but all tiie mystery disappears when examined 
by the light of the molecular theory. Let us, then, study it in a 
simple experiment measured exactly by the figures we have already 
obtained. 

375. Let US take three exactly similar bichromate cells. A, A*, 
A^, the force of each of which is, per Table XVIII., volts 3 -028, 
the internal resistance taken as ohm C 3 arranged as in Fig. €7. 
Pia. 67. 




G is a galvanonieter whose resistance ve call o' i, and whose 
value in vebers is known, §§ 176 and 170. , . , 
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B is ft rheostat or resistanoe instmment for ftdjnstmg Tedstanoe 
and ODrrent as requited, 

C ia ft calorimeter, gnch aa deecribed g 193, the wire of whioh has 
a resiatance of i ohm, 

D is a depositing Toltameter with two copper plates and a 
resiatance of ohm 0'20O. 

The ftinctiona of theae two shonld be folly nnderstood: D 
measntee onrrent or " quantity," pare and simple ; bo long as a 
given onrrent possea exactly the same weight of copper deposita in 
tiie aame time, whether i or 50 oeHs be employed, and whether the 
resiatance of D itself be * 2 or 100 ohms. C meaBorea the energy 
or heating power of the current in & fixed resiBtance ; if its wire be 
3 ohms instead of i, it indicates doable work done; bat if it be 
I ohm, bnt the "onrtent" be doubled, then it indicates fourfold 
woit. 

2^6, We wiah to obtain through this circuit with one cell a 
veber correiit, what must the resistance be? The formula is 
E „2-oa8 
- = B. = 3-028. 

The fixed resistance ia .. „ G 'too 
C I'ooo 

D '200 



1-300 

A, internal rosiBtanoe '200 

R, rheostat and connections; to be made = -528 



Under these conditions a cmrent of i veber pasBea, and there- 
fore in 6338 seconds i equivalent of chemical action takes place 
throughout the circuit; that is, j2'6 grains of zinc are dissolved 
in the cell A (independent, of course, of any local action), and in 
D J I ■ 75 grains of copper are dissolved from one plate and deposited 
on the other, while ia heat is produced equtTOlent to 4673 fbot- 
ponnda of energy : that is, enough to heat i lb. of water a little over 
6° Fahr. 

We mnat now assume a few conditions to adjust the experiment 
to the theory. Let us consider the wire of as consiating of a 
single chain of moleculra, along which daring the Bolntion of an 
equivalent of zino 4673 impnlaeB or molecular vibrations are 
transmitted, eaoh impulse being equivalent to i foot-pound of 
force for each unit of cmrent generated in the chain ; these are the 
conditions of par^raph 3 of the definition of the eqaivolt, § 358. 
These figures, though assumed, exactly express the fact, for it is 
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preoieely the Bame in tlte end whether one single chain repre- 
sents each action as i foot-pound, or whether a laiUion molecular 
chains transmit each only one-millionth of a foot-ponnd ; the total 
figures are trae either way, but the assnmptioii enables na to form 
a definite conception of the facts, and to deal with them in simple 
figures. 

Under these conditions we may deal with the force in a simple 
Dr. and Gr. account, thus : 

Dr. EqniToliB. Ft-.lb. 

I equivalent of zinc 2,248 10,503 

Or. Ohms. Eqnirolta. Ft.-lb. 

Absorbed in deozidation -aao i,oa8 

As heat in cell : 

Struggle of polarization, »2 -ooo 
Beeistance of cell .. '2oO 

Beaistance of geneial circuit,) „ „ an 

H D G I 1-02S 4,804 

BesiBtance of calorimeter G i ' ooo 4,67 j 

3-248 10,505 

The value of deoxidatioo, 'aio, is leas than that given for the 
bichromate cell in Table XXTV., but as I am taking the force given 
by Clark, this necessitates the lessened loss in the reaction; for 
the present purpose, however, the actual figures are of small con- 
sequence so that they are all duly proportioned. 

277. We now insert a second cell, A', and our force becomes 
4*056, the internal resistances *400, and therefore we reduce that 
of It correspondingly, leaving total resistance the same; then 

i— = 2, Our current is now doubled — that is, G marks a cnr- 

2-028 _ 

rent of 2 vebers per second ; D deposits 63 ■ 5 grains of copper in 
the equivalent period of 63 3 8 seconds, or twice as much as before ; 
but C marks heat eqnivalont to 18,692 foot-pounds, or 24-' 2 heat 
units, that is, fourfold force, instead of only double like the rest. 
Why ? There being two units of current there are two ec[nivalents 
of zinc dissolved in each cell. There are two cells, and therefore 
we have fourfold energy given up by the zino. But the chain of 
molecules is unaltered, exoept that by inserting the second cell 
we have doubled the strain put npon it, making it 4*056 volts 
instead of 2'028, and therefore each molecular impulse has a force 
now of 2 foot-pounds; owing to this doubled energy it over- 



238 ELECTRICITY. 

comes the reeiBtaiuM in half the tiine, and therefore the onrtent is 
doubled. 

But the consequence of this is thftt in the time of the ei^riment 
we have now 4673 X a = 9346 molecalar impulses (whidi repre- 
sent the "quantity" or current), each effected under a force of 
2 foot-pounds, and as resistance means, and is measured as, the 
effecting each such impulse in the single time, these cooditionB 
imply that the work of oTercoming resistance in half the time is, 
for each ohm of resistance, 9346 x t = 16,692 foct-ponnds. 

We now state the second set of conditions in a Dr. and Cr. 
acconnt like the first : 



Cell A, 2 nnits of zinc .. 
Cell A', 2 units of zinc 



Cr. 
Deoxidation 4 units at -220 
Absorbed per ohm : — 

In doubling current = 2" 000 

In doubling force,! 3-000 

or halving time f 

2x2 = 4-000 

Besistance of cells . . • 400 
Eesistance of general I .g^g i'028 



Eqnirolts. Ft,-lb. 

(2*248 .. 10,503 

la'248 „ 10,503 

4-496 ,, 21,006 

8*992 .. 42,012 

EquiTnltfl. 



Ft.-lb. 
4,112 



19,216 



2-028 8-992 42,020 

The slight difference in the foot<ponnds is owing to the use of 
eveu numbers and neglecting small fractions. 

The experiment with three cells would give exactly the same 
result, except that 9 equiraleuts of force per ohm are required 
to maintain a threefold current, and it ie needless to occupy space 
in working it out in detail. 

If in the second case we add an equal extra resistance, and so 
keep the current at the I Teber as in the first case, we get i equi- 
valent zinc coDBumed is each cell, and the conditions become: 
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Dr. 
a equivalents of zinc = 




EquivoUa. 
4-496 




Cr. 
Deoxidation, a cells 
Besistance : 

Cells 

Circuit .. .. -628 
Extra 2-028 


Obm. 

■400 
2-655 


Erlt. 


Evlt. 
■440 

3-056 








i-ooo 



278. This may be stated in anotber way, which will exhibit the 
principle clearly. The nnits of measure we deal with embrace 
four elements : (i), weight moved; (2), apace moved throngh ; (j), 
time during wlucn nLotion is produced ; (4), the absolnte force 
operatii^. The final result in any special case, as compared with 
the nnit standard, will vary in the ratio of each and all of these 
four elements; time, of course, in inverse ratio. The electrical 
measures are, in fact, linked to these several units. In oar present 
experiment — (i) is a molecular impulse of i lb.; (a) is 4673 ft. 
(and this also under the condition of unit current represents 
I ohm resistance) ; (3) is the duration of 1 equivalent nnit onr- 
rent, €338 seconds ; (4) is the volt, and in unit conditions liuks 
all. We have, therefore, in the first experiment of i veber cmrent, 
forces as expressed in line A below ; in the second, of 2 veber 
currents in same resistance, the conditions are expressed by lines 
B and C, according as we regard the time or the onrrent as the 
fixed element : 

t. J. J. 4. 

Cnrwnt. Ohm. Time. Force. 

A .... I X I X 1x1 = 1 

B. .. axiX 1x2 = 4 

C.. .. ixixi=2xa = 4 

279. From all this it follows that, storting with the normal 
amount of energy expressed in the units, the enei^ needed to 
generate current and the energy absorbed in the circuit or in each 
ohm of the resistance vary as a fact in the ratio of the square of 
the current passing ; but it is very evident also that the statement 
that the work of a onrront varies in the ratio of the square of the 
current is, after all, only a mathematical expression based for con- 
venience upon a single one of the two varying conditions, as with 
static electricity, g 7 1 , p. 5 8 ; for the real fiwt, as shown in tl^ several 
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Jii. and Cr. acconnte, is that it varies not aa the square, bat in tlie 
direct ratio of the current, that is, of the nmnber of molecular 
actions in a given time, bnt that it also varies in the direct ratio cf 
the force nnder which these actions occor ; it is becaose these two 
neoesaarily vaiy in exactiy the same degree, one being dependent 
on the other, that the combined eSect can be tnily represented as 
due to the square of either one of them. The same principle will 
be fonnd to nnderlie every action which varies in the ratio of tlie 
square of its apparent cause ; examination will alwa^ discover a 
seoond caose operating part pa»m, as is well illustrated in the laws 
of fklling bodies, which forihermore are strictly comparable with 
the laws of " cnrreut," and its force ; for, as Ixaore stated, Ohm's 
laws are simply the old mechanical laws in another form. 
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380. The name dectrolyeu (breakmg np hy electricity) is given 
to the ptooesa of transmiaaion of the electric onrrent throagh 
liqnids, when accompaiiied by the disruption of the molecules 00m- 
poaing the oiromt, the oonetitaent ladicala of the molecnles being 
set &ee at the two polee. 

The plates in the decomposition cell ttre called deehrode* 
(electric ways) : the plate .connected to the -f pole of the battery, 
the copper, platinum, or cocbon, is the tmods (way up, as ouTying 
the current out of the battery) ; the plate connected to the — pole 
of the battery, the zinc, istbecaiA«frB|downward way). 

The liquid undergoing decomposition is the deetroh^. The 
moleooloB of an electrolyte: break np into two radicals, whidi are 
called ioas (indicating individnality, and in asother sense meaning 
going). These radic^ or ioiu form the two claaeea described, 
§ 109, and LLlustrated .in Fig. 40, p. 85. Those iona which turn 
towards the anode Eue called anumt ; they are eleetro-negatiTe or 
acid radicals, snob as oxygen, chl(»rine, SO^, Ac Those which 
torn towards the cathode are called ealioat; they blto eleotro- 
pOBitiTee ot basici radicals, as hydn^en and metals. The same ion 
may belong at difierent times to each of these oLaase^ if united to 
one having a higher individuality in either ddxection, for there is 
no direct attraction' betwe^i the ^eetrodes and the ions themselves, 
but the relation depends simply upon the temporary polarity they 
assume in the circait. 

loru or radicals may be single atoms, or oompomids which aet as 
radicals diemieaUy, and these may ewm be incapable of actual 
separate esistence, as far as present knowledge goes. SCI is an 
electrolyte composed of two single atoms ; in H^SOi two atoms of 
hydrogen foim -Me ion and the eompound radical SO^.the other ; 
this radical cannot exist uneombined, so that sulfuric acid is an. 
electrolyte only/wben in presenee of something it can react on, and 
combine witl^-aicA as water, althou^ water i^lf'is not on 
electrolyte. Anlsbminm NH^ is also a compound ion strongly 
reeembHng poteEtaiuia in its properties ; it also cannot exist free, 
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bnt bre&ka up into NH^ kmmoiiift, uid H, giring bo apparent 
exception to the law of eqaiTBlence by prodnciDg two free snb- 
fltances, eftch eqmT&leiit to the current prodncing them; bat it 
most be coneidered that ammonia is not really a radical, for NHj is 
a complete molecule of the order described, § lo (i), p. 7, and is 
not capable of replacing H in salts. 

281. We mnst regud the circnit aa conmsting of chcuius of 
molecnles ; some metallio, as in the plates and condnctora ; some 
liqmd, as in the cells ; and tbe transmission of electricity as con- 
sifitiug of a motion of each molecule in the chain, accompanied 
irith a breaking in halves of a molecule wherever the current 
passes from meb^ to liquid, or viee venA. We shall thns nuder- 
fltand why there is equal corront, equal quantity of electricity, or 
equivalent chemical action at every eection of the circuit, as stated, 
§ 1 1 1, p. 86, because there are the same number (or value, aa will be 
seen presently) of molecular actions effected at evety part, however 
the m^olecules themselves may differ in nature. Each cell is, 
therefore, a section of the conductor, and each has its own specific 
resistance just as the wire portion has. Bnt the cells are of two 
orders in another respect. 

(i) Generating cells, in which energy is set free by chemical 
actions, and becMues electromotiTe force, setting up the current as 
explained Chapter Vlli., g§ 356-26S : these are battery cells, and 
stand for E in fbrmuhe. 

(2) Decomposition cells, in which energy is absorbed in doing 
chemical work. These may be simple reeiBtances, where no 
ultimate change is made in the solution ; such ore most electro- 
metallurgical proceBSes where the same metal is dissolved from the 
anode as is set &oe at the catliode. But if any ions are actually set 
free by the current, they tend to recombine and act as a cell of Ute 
first order with their electromotiTe force opposed to that of the 
battery, and stand as — e in fbrmulte. The feeblest E M F will 
send a current through the first of these classes of decomposition 
cells, but the second class require an E SI F greater than that set 
up by the action itself, or electrolysis cannot take place, for reasons 
explained, § 289. 

Except for this distinction of generating and decomposing 
cells, all the cells are under the same conditions. In each cell 
the/re is a -f plate or element, the zinc in the battery cells and the 
anode in the decompoeition cells, and if the latter con unite to the 
chlorous radical of the electrolyte it dissolves just as the zinc does 
in the battery cells. In each cell there is the electrolyte, which 
gives up its chlorous or — ion at the + plate, and transmite the 
molecular motion which constitutes the current to the — plate 
where it also gives up its + ion. The — plate then continues as 
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the 4- pole or anode to the next cell, and ultimately to the — pole 
or firBt zino of the battery to complete the circmt. In fact, each 
pair of connecting plates in separate cells, acts as thongh it were a 
metallic partition separatii^ the two liquids with which the plates 
are in contact. In snoh a plate, or conducting partition, one side 
wonld be + and the other side — , and the two plates in difTerent 
cells correspond to these two sides, connected together by a con- 
necting wir« instead of by the mass of metal of a plate itself. It 
is of Uie ntmost importance to bear in mind this distinction of 
flatte or demeiUs, reUted to the liquid within their own cell ; and 
pole» or eUdrodes, related to another cell and to the direction of the 
polarity they set np, or the current they transmit. Therefore, 
beeping out of sight the distinction of cells as those setting np and 
those absorbing energy, that plate in each cell which is + to its 
own liquid, or the positiTc plate of the cell, is the anode or + elec- 
trode of the cell to which it is connected, and completes the circuit 
from the — plate of this celL Hence it is that the anode in the 
decomposition cell represents the zino in the battery cell, for li^ 
the zinc it is -f- to Sie liquid, and gives np ener^ to the liquid 
(thoagh that energy is derived from £e current its^ in this cell), 
and like the zinc it dissolves if made of materials which can 
combine with the negative or — radical of the solution. For this 
reason some prefer to call the anode the mncode. 

Fig. 6& e^bite these relations, in the acdons of a Baniell cell 
and an ordinary coppering arrangement. 




It shows the polarization set up in the complete circoit &om the 
sine in the liquid, with equivalent actions resulting in both oells. 
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the Qpper btsck^ ibowing the ori|pnftl unngeineiit of liqnidB, the 
lower ones the efitet of the Kction. At the -f plates to the left in 
each cell, zinc in the batter;, the anode in the deoompoation cell, 
•n atom of metal is remored hont the |^te ; the interrening mole- 
cnlea transmit the actum, and abBorb the ion originally united to 
the first add radical ; and in each cell, at Hm end of the chain in 
contact with the negatiTe plate or cathode, tliere is set free a pod- 
tire radical ; in this case oopper in both cells. This diagram is 
arranged to fanush seTen^ iUnstrationB of the laws of electrolysis, 
and dionld be studied in oonnectdon with Fig. 40, p. 85, wiucli 
more faRj explains the ideas to be aaaooiated wiu the eUipseB in 
Fig, 68 ; these lepresent the molecules and their oanstitnent nidicalB 
or ions, expreeaed also in the chemical formaln, while the Bfmbola 
+ and — show the rliinnr<i of radicals, + being the cations, and — 
the anions ; their arrangement exhibits the order of polarity set 
np, while the arrows show the direction of the current within the 
cells and in the outer oircnit 

382. The laws of eleotroIyaiB nsnally accepted are thoae of 
Farad»',who also originated the terms described. Those laws are — 
I. Na elementary fubstonce can he an eieelrcitfta, — That is to say, 
the two ions must be difierently composed. 

n. EUetrolytU occurs only while fAe body te intke UqtUd etate, — 
This state may be dae to either fusion or solution ; in the latter 
case many aubetanoes beoome electrolytes by a lecoitdary action, 
which are not so of themselves. 

in. During electrolysie the componentt of ike eketrolyle are reeohed 
into two groupt ; one group take* a definite direction toirarde one of 
the eieclrodea, the other rjroup taJcet a cowrie towardi the ofAer eteo- 
trode. — They torn towards the several electrodes in polar order, 
but are not attracted or moved towards them. Faraday held that 
only Bubetances containing single equivalents of eadi radical could 
act aa electrolytes, but uiis is now superseded by more general 
conceptions. 

lY. The amount at neU at the direction of eUdrdlytis is definite, 
and it dependent upon the degree of action in (he 6tt(terj, being directly 
proportional to &e quaotitg of electricity in circulation. — This law is 
explained by § 28;, which shows that "quantity of electricity" 
means number of equivalent molecular actions, 

Y, Thoae bodies only are electrolytes which are composed of a cm- 
dmclor and a non-condwtor. — This addition of Miller'a is usefnl 
to remember, but can scarcely take rank as a law or principle of 
nature. 

38 V It is of importanoe to learn what is the quantity of mattw 
which constitutee the equivalent ; it is generally considered that it 
is what Qsed to be called the chemical equivalent. If this were 
Google 
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true, and if Fkiaday'a tbeor^ were also trne, that only molecules 
consisting of one eqaivalent of eacli radical are electrolytes, the 
old equiTalent theoi^ of ohenuBtry would be aJmost impregnable ; 
but neither of these ideas is true. The eqairaleut or lowest com- 
biniog ptoportion of nitrogen is 14, that of hydrogen being i ; bat 
when pozd ammonia is electrolyzad, only 4§ of nitrogen is given off 
fix one of hydrogffli. When onprio chloride CnClg and onpreotiB 
chloride Oti,01j are electrolysed in series, the first gives one 
eqniralent and the second two eqniralenta of copper for the 
same onrrent which, in the battery or other cell, gives one of 
hydn^en. 

The new atomic notation of chemistry is based, not only on the 
facte of chemical combination, bnt also on the relation of different 
BubstanccB to the forms of oryatallization, and to the propertiee of 
isomerio and isomorphoas bodies ; and this view of the oonstitn- 
tion of matter also completely covets the facts of electrolysis. It 
bestows npon the different atoms difierent combining powers, 
as the qnantitiee represented by these atomic weights can combine 
with, or replace, one or more atoms of hydrogen. This property is 
called the valency of the atom. Bnt the atoms are not only capable 
(tf entering into union dngly as ioiu, but two (or more) of the atmns 
of the same element can first unite (in which case they naoally 
condense a portion of their combining powers) and constitute a 
fresh ion or radical, having its own proper valency. , The theo- 
retical explanation of this, known as the doctrine of " atomicity," 
is given in g 6, p. 3 ; but this doctrine is by no means essential to 
the comprehension of the facte, nor do the laws derived &om diese 
facts depend upon the doctrine of the possession of atomicdties by 
the atoms. These chemical relations have been examined in 
previons pE^es &om various points of view as occasion required, 
but they are the basis of electrolytic actions, and their comprehen- 
sion is essential in the study of the subject of this chapter ; they 
are therefore reviewed here, even at the risk of some repetition. 
It is, however, unnecessary to enter into the subject of " atomicily," 
{^ to consider whether that doctrine is true or wholly imi^inary, 
or a partial oonoeption which may hereafter develop into a more 
perfect theory by aid of the revelationB of the spectroscope. What 
we have to do with is the fact that the several weights called 
under this new system the atomic weights, do represent in oomhi- 
nation chemically, one, two, three, or more atoms of hydrogen. 
Again, it is a fact that molecules do exist which, in the gas- 
eous state, contain the elements in these latioa by volume ; tiius 
HOI hydrochloric acid, H,0 water, H^N ammonia, each contain 
these relative Tolomes of H for one volume of the other gas : when 
combined they, every one of them, occupy two volumes, the same 
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Tolnme, Hat is, ae the molecule of hydrogen H H, and these molo- 
finlar Tolomes bold all alike the same relation to energy, for they 
expand eqnally for eqaal heate and preeanres. AU theae manifold 
points of agreemoit justify ttie oonclnsion that these weights are 
the atoms, and that tiie molecoles are oonatitnted by the union of 
these different nombera of atoms. Valenev is, in act, the gateout 
volwM eonbimng ratio of hydrogen to ottter eUmraita, altbongh 
extended by indirect calculations to those elements whose actual 
gaseous Tolnme cannot be directly measttred. The lUtntie weight is 
the weight of a unit volnme of the elements in the gaseois ooa- 
dition, oompared to that of hydrogen as unity. 

284. As modem Bcieuoe accepts the doctrine that heat is a 
" mode of motion," and as motion implies space to move in, it is 
obvious that there must be a relation between heat and the space 
occupied by the moving particles; heat being only one form of 
energy, we readily extend this relation to energy in all its forms, 
and therefore, although we are not yet fiir enough advanced in actual 
knowledge to define all the facts and laws, we can see very clearly 
that there is in nature an exact relation among the weights of the 
atoms of matter, the spaces they move in, and the energy they 
absorb, that is to say, between the atomic weights, malecniar 
Tolomes, and intrinsic ene^ee of snbstanoes. We can see in &ct 
that if, by the i^ucy of energy, atoms are made to occupy a 
different space &om mat common to tiiem, they must have new 
properties ; especially as there is an evident relation between this 
space and the powers of atoms to combine; that is to say, under 
these altered conditions of energy, the eolency (which is « fonction 
of volume and en^gy) will be alt«red ; as a consequence we can 
oonoeive of the existenoe of two or several compoond substances 
containing the same elements uid in exactly the same proportions, 
but owing to differences of intrinsic energy having very different 
chemioal properties, and belonging to entirely different molecular 
typ«s. This may explain " isomerism " (equal measures of the 
same elements in difiisrent compounds) ; it also explains " allo- 
tropy" (different forms of the same subatance), as doe to different 
Spemffo energies forming part of the molecules, attended probably 
with a different number of atome entering into the molecules, which 
have consequently different physical properties. Carbon, anlphnr, 
and phosphorus are well-known substances taking different forms, 
and ozone O3 is a modified molecule of oxygen. 

285. Berzelins's electro-chemical theory (§ 252, p. 310), which 
long mled chemistry, assumed that each Element possessed, aa part 
of its constitution, a definite quantity of positive or negative elec- 
tricity, which set up the chemical attractions between them ; that 
they united into acid and basio radicals, the Bttractitms of which 



D,o,l7PCihyGt.)t>*^le 



SLEl^ROLYSIB. ' 217 

for each other were dne to the exeoea of + or — eleotrioiiy not 
Beotralised in the primary act of ct^nbiuation : he theiefora drew 
np a list of electro-negatiTe and electro-positive sabstances. It 
Will be seen, therefore, that on this view each kind of moleoole 
possessed dij^ereiU quaulitiet of deetridly, which are the causes of 
the varying degrees of affinity. But Faraday distinctly proved 
that there is a relation based upon the equivalent constitution of 
matter. Thus, if a cell is set np, based upon zinc displacing silver 
from its nitrate, a definite quantitative result will be effected by the 
current ; if passed into a copper solution, it will reduce a definite 
quantity of copper, and the quantity will be in the ratio of the old 
equivalents of the metals — i. e. for io6 grains of silver precipitated 
in the battery, 3i'75 will be deposited in the cell. But copper will 
precipitate silver, though with much less force than zinc does, 
ther^ore it is said that a much lower affinity is at work ; if, then, 
copper is used for a battery with a silver salt, a current will be set 
up, and this current also will, for the 108 grains of silver in the 
battery, deposit ^i'7; of copper in the cell. Again, iron will throw 
down the copper, and sine the iron ; in each ease a lower affinity 
at work in the battery produces exactly equal redaction in the cell, 
though taking a longer time to effect it. But, again, if we place in 
a series, cells containing difierent classes of molecules, and pass a 
current through all — such as salts of silver, copper, and iron — the 
same cnrrent passes through them, and deposits in each cell its 
metal in the order of its equivalent, 108 silver, 3i'75 copper, 28 
iron, for each ]2-6 of zinc dissolved in a cell of the battery. 
Therefore Faraday said that every molecule, no matter what its 
nature or what the chemical affinity within it, requires or gives up 
the tame qtuaUUt/ of eUctrkity, and this is law IV. (§ 282). 

286. How shall we reconcile these two conflicting views, for 
both of them are based on tmths ? Careful consideration of the 
facta will show us that Berzelios based his ideas upon the conditions 
set up by " intrinsic energy," while Faraday's law is based upon the 
"valency" of atoms and radicals, and consequently upon the oon- 
stmction of molecules. 

When we see that electricity is a something wholly dependent oa 
the molecular constitution of matter, that it can be transmitted or 
measured only by motions of the molecules, and those motions 
transmitted along a definite chain by the action of one molecule 
upon another, it is easy to see that there must be a relation de- 
pendent upon the number of molecules moved or broken np, which 
relation we may, if we please, call a guaatits or an equivalent of 
electricity, and so take possession of Faraday's labours. 

When we Icam that energy is an integral part of the molecules 
of nutter ; that the component atoms ore moving at definite rates, 
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■a the apectroBoope abows, and that chetmoal ocmibinatioR ig 
ftttended with a r«d.aeti<ai of that motion, and its release as external 
heat, or as motion along a line of polarized moleoolea in eleo- 
tricitj, we see wh; each sncb action most gire np a definite amount 
of enei^, and why, acccatUng to its amount, the moleonlar motifm 
it seta np (the " qtiantify ") shall be slow or rapid, and therefora 
the tension set up upon the molecular chain shall be great or small 
in the ratio of the diemical affinities at work. Here, then, we take 
pOBsesaion of Berzeliua'a labours, and oonneot the two ivwiftinting 
tkeoriea into a more general conception. 

287. What is the qoautitatiTe relation between eleotrioi^ and 
matter ? Is it molecnhir or aitmiio ? Is it dependent on the atomio 
weight of the modem chemical notation ? or is it, as nine people 
out of ten suppose, dependra,* upon the old eqnivalent weights? 
Upon none of tiiese, and yet upon all of tbem. Oar knowledge is, 
in fact, not yet sufficiently advanced to enable ne to gire a definite 
ezplanation of the mode of relation between electricity and the 
molecular oonstitution of matter. In Table XIH. (p. 212) is 
given a list of the actnal qnantitatiTe relations ; and a little exami- 
nation of some of the relations of matter and energy may throw 
some new light both upon the caose of these relattons and npon the 
chemical oonstitntion of substances. 

The elements combine with each other in exact definitiTe ratiofi, 
and those ratios, as was stated above, have a twofold aspect: 
(i) the vieighi of matter involved ; (3) the meaturea in the gaseous 
states. The atomio weights now adopted (Col. III. of Table XIII.) 
combine both these aspects : they are the weights of those measures 
which equal in volume one weight of hydrogen. Some substances 
cannot be so measured, and the figure is^arrived at indirectly ; some, 
again, are experimentally exceptions ; they may be half or double 
measures when actually compared as elements, and yet when enter- 
ing compoimds the^ agree with the accepted figures. This requires 
explanation : why is a law to be accepted as universal when experi- 
ment shows ns there are eiceptionB? Experiment is the fonndatiou 
of all knowledge, bnt the dednctions from experiment most be 
broad ; they most be based npon the tptrtt not npon the letter of the 
replies which Nature gives to our questions. When several different 
experiments appear at first to differ in their teachings, it is our 
dn^ to see if we cannot find some lHX)ader road to knowledge of 
which these are several bye-ways. The relations of energy to 
matter vary in difierent physical states, and in the one physical 
state of gas they vary acocu-ding as we recede from the ptHnt at 
which the gas b^omes a liqnid, that which is commonly ctdled the 
boiling pomt Yet through b31 these variations we see a fonda- 
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mental law of Nature (the hm of Boyle and Mariotte, Dnlong and 
Petit) ; the relation of energy to matter as gas is definite^eqnal 
heats, equal preBBures, produce eqnal expansion Etnd contraction. 
The THriatious ore due to the imperfect gaseone condition (aa shown, 
p. 147 ), and OUT inability to compare oil bodies at the proper point at 
which Katnre fises that relation ; therefore in our experiments we 
employ part of the energy we nae in carrying out some other kind 
of relation as well as the particular one we wish to examine. The 
remedy is, to arrive as far as possible at the knowledge which each 
experiment gives in one direction, and then to accept the general 
teachings to be derived from many. 

It is upon this principle that we may regard the accepted atomio 
weights as representing the abstract tmit gas volumes of tbe several 
atoms, and two gnch nnit atomic volnmes as . the unit molecular 
volume, into which Xature compresses all the atoms of which she 
builds up every molecule of known substances. Bnt these atoms 
do not combine in mere pairs. One volume or atom is eguivalent 
to, or can combine wilJi or replace, one, two, three, or more 
atoms or unit volumee of other elements ; yet when so combined — 
no matter how many volumes enter into union— they condense 
down to two volomes, as shown S 283. This is so universal that 
we are bound by the principles ef honest reasoning to recognize 
that the apparent ezceptious are due to the difibrent conditions of 
energy to which we are compelled to expose, in order to compare, 
them. Taking, then, the unit volume of hydrogen, the lightest 
substance and the most perfect gas (therefore the simplest known 
substance in its relation to energy), as our base, we class atoms as 
equivalent to one, two, three, four, &c., atoms of hydrogen, and 
(Xdl this relation the valency of the atoms. Some sabstances are 
capable of possessing several different valencies ; thus copper, a 
bivalent atom, unites with chlorine, a univalent element, as CnClg ; 
but it also unites with it as CoiClg. We know that each atom is 
not mere matter ; energy is also part of ite essence ; the atom is a 
vibrating body, and the space it oconpiee— its unit volume — de- 
pends on this motion; we have, then, the right to conclude that 
copper can part with some of this intrinsic enei^, that two ordi- 
nary atoms can condense into one, and will then represent matter 
and energy constituting one atom, oconpying one al«traot unit gas 
volume, and having, in its relations to other atoms and to energy, 
the value of one atom only (and all those properties, chemical and 
physkiai, which Nature has oonneoted with the unit or atomic 
gaseous volume), but capable of again absorbing energy, and so 
reoonstitutLng two atoms. 

Now enei^y, in the form of electricity, is related to tlie atoms 
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and molecnlM in a manner wliioli links together theae other rel^ 
tions. This relation can be fotmnlated as, 

Atomic weisht , . . , 

— =rTj- — = electric equiTalent. 

We can tlierefore give to 'PaxaAaj'a " qnuitit^," or " eqainlent of 
electricity," & definite ^ne accoraaut with the chemical otmstita- 
tion of matter ; it is that action vhich will release one nnivalent 
atom or radical, elementary or compotind ; that is to say, it passes 
along one of the links by which moleonles are constitnted, aa 
represented in Fig. 40, p. 85 ; in so doing it acts upon and, in 
chemical action, releases the unit radical, and exerts a definite mag- 
netic action externally by means of the inductive conditions it sets 
np in Borronading bodies. To define its- electrolytic action etill 
more strictly, it will release one univalent radical, which radical 
may be a single atcmi, or may be bnilt up of many atoms of any 
valency brought into that state which corresponds physically and 
in its relation to energy with the nuit gas voltune and single 
valency. This onit of electricity, measured on a grain system, is 
that nsed in this work, viz. the equivalent of one grain of hydrogen. 
Each moleonle, therefore, acts in the electric circuit as though it 
were so many molecules as would represent the " valency " of the 
two radicals or ions into which it breaks up. How or why this 
relation exists our present knowledge does not enable us to explain, 
but that this is the true relation of electricity to matter is certain, 
for this law covers all the known &cte, all the exceptions to the 
common accepted laws of electrolysis (§ 282) ; but we can see that 
it is probably connected with the unit atomic gaseons relation <d 
matter and energy, extended into all other physioal conditions. 

298. Bnt electrolytes have another relation to electricity besides 
that of current equivalent. A true electrolyte, setting free its two 
radicals, requires a definite force exerted upon it, variable, not as 
before, by classes, but with every single eubstance according to the 
strength of what is called the cbemic^ afflnity of the two ions. 

If we set ap a battery and a certain rcsistonce, a given current 
will pass; extra resistance will dimJTiinb the current, but no 

amount of resistance will qnito stop it: an amount -^ = C will 

always pass. If we set up a battery which will just pass current 
through a solution of iodide of potassium, and then eubstituto for 
this, ^uto sulphuric acid, no electrolytio current will pass at all ; 
the decomposition cell is not a mere resistanoe, but as soon as it is 
polarized it is a counter electromotive force (§ 2 36), and is expressed 
in foimulte as — e. This is, iu foct, only an illustration of the 
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fandamentol law of Nattire that action and reaction are always eqnaL 
If we pull on a rope fixed to a post, the post resists as, and the 
straiQ on the rope at the post exactly equals tiiat at the other end ; 
spring balanoea at the two points woald show the some pull in 
opposite directions. So when chemical affinity is exerted in combi- 
nation, it sets np an E M F in one direction, a tension on the polar 
chain ; if decomposildon oocare, the radicals set free absorb an 
equivalent energy, and act as an EMF in the opposite polar 
direction, that is, as a — E U F. Therefore it is that to effect 
decomposition against any chemical afBnity, the EMF exerted 
must be somewhat greater than the —EMF set up, or no action 
can occur at all ; upon the d^ree of excess will depend the rate of 
action. To ascertain, therefore, the amount of electrolysis which 
can be effected by any battery, aud under any conditions of resist- 

E — e 
anoe, the formula is — 5— = C, 

If E and e are expressed in volts, according to the system 
explained, §§ 2^^ to 356, B being the total resistance, metallic and 
liquid of the circuit, C will be a figure which, multiplied by 5-68 
to bring it to " ohemics," and by the proper figure in Col. VI., 
Table XIII., p, 212, will give the actual weight in grains set free 
in ten hours' action. 

2B9. There are, however, two ways of looking at the action 
which goes on in a decomposition cell forming part of an electric 
circuit, (i) We may regard the solution as a condwUv, transmit- 
ting current exactly in proportion to its resistance. (2) We may 
r^ard the solutiou as a dxdectrie, and the electrodes as condenser 
plates which we can charge up to a certain tension at which the 
dielectric breaks down. Each of these views is true, and it is only 
by combining them that we can obtain a complete conception oif 
the oonditions. Treating the cell as a condenser, we may, in fact, 
see in it the conditions of static charge explained §§ 36 to 40, and 
the electrodes corrrapond to the plates in Fig. 26, p. 50 ; or regard- 
ing the anode as a surface taking a + chai^, we get fresh light 
upon the conditions illustrated. Fig. i j, p. 30. In fact, we give 
the electrodes a charge, the tcaision of which will depend upon 
(i) the electromotive force of the battery; (2) the inductive 
capacity of the interposed liquid; (j) the relation the resistance of 
the cell bears to the total resistance of the circuit. This viewJiolds 
good for all liquids (as also for all substances whatever), electrolytes 
or not. 

But, in a condenser, the dielectric, though it does not transmit 

current, or only slowly, is polarized statically in tlie same direction 

as though currents were passing, aud each charge, each act of 

polarization that is, absorbs so much energy as the indactive 
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capacity can take up, and neceasitateB a proportdoiul ocnummpiioQ 
in the battery; that is, each~ molecular chain to be polarized 
reqnirea a moleonle of action in the battery, and will oonsequeutlf 
■how a cotiesponding durent (or molocolar rerolntion) in the 
ttmnecting wirea, &o. We may, therefore, piotnre the o<aiditicai8 
thus— 

DecompositioQ ColL 



Fole + 
3. Plate - 



Batteiy Cell. 



-Pole. 
+ Plate 3. 



. The first line shows the statdo conditions as a condenser; the 
second, the result of electrolysis ; and the third, the polar oonditi<m 
of the batteiy. We see here iJiat, regarding the battery as the 
eonroo of energy, it polarizes the contents of the cell (i and 2), and 
80 completes a cironit ; but, looking at the cell itself as a reacting 
sonroe of tension or electromotire foroo, we see that m either oaie 
the cell produces a tension in a direction opposite to that of the 
battery itself, and the diagram shows ns why, (i) as a oond^iser, 
I7 giving np the eatngj stored up as charge, by the strain npon 
the bracliete or moleoalar affinities, which act like strained springs, 
or any other mechanical reaotioQ which absorbs and then giTes np 
energy ; (2) by the tendency to reunion of the freed ions, which act 
upon each other through the liquid just as they do In a battery 
when an acid and alkali ore separated by a porous diyision, S 164, 
p. 1 1 6. Either of these actions will tend to roake the anode positiTe^ 
OS wUl be seen by the order of the symbols 4- and — ; , as the 
battery does the same, the ofiect is that of two cells in multiple arc 
or "oonpled for quantity;" and all the actions tend to convert the 
prolongation upwards of the electrodes into + and — poles. The 
battery and decomposition oell are, therefore, identical in principle 
with two cells with similar poles opposed, and no onrrent can pass 
nnlesa the electro-motiTe force of Uie one cell (the battery) exceeds 
that of the other cell (the electrolyte). 

290. PoiiAsizATiOM or Platbb. — Thu is the very confusing 
name given to the EMF just described. It is oooasionaUy 
employed practically, in order to obtain a short onrrent of great 
force &om a fbeble battery. Lead plates may be immersed in 
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dilate acid, or any saitftble sgentB may be employed with a battery 
jnst powerfnl enough to set up the reaction. A number of the 
deoompOBition cells are nsed with a oommntator which arranges 
them in multiple arc, and puts them m circuit with the battt^, 
which then charges ^em as a oondenser of large snr&oe; the 
commutator then throws the whole into series, producing a battery 
of great E M F, which gives ofF a current, great at first, but rapidly 
foiling, which is, in fact, the charge of the condenser given up in 
another form. Such currents last only while this charge is given 
up, or while the freed ions, if there are any, recombine ; and there- 
fore, however great they may be at first, they diminish rapidly and 
last but a very short time, 

291. The electrodes of a cell are not necessarily metals. When 
two liquids are separated by a porous diaphragm, the sur&oes of 
the liquids in contact aot as electrodes to each other, and the 
precipitation may oocnr there just as happens at a plate. A series 
of liquids may be connected in this manner, and current passed 
through the whole. The examination of what happens in this case 
will clear away many very common misconceptions. Thus, it is 
often said that "ions can be transmitted through materials for 
which they have a strong ohemical afflni^ without combining with 
them." Now this is not the case. No ion can be so transmitted. 
The illnstration nsnally employed represents three connected 
liquidB — sulphate of bo^ infnaion of litmus, and water. After a 
time enlphnric acid is found in the water, and it is considered that 
it must have passed through the litmus solution, yet it has not 
coloured it. Bat what has occurred is quite different. Not sul- 
phuric acid, but neutral sulphate of soda, has traversed the solution, 
by simple endosmose. Until t.hia endoamose has bronght some of 
the salt over no acid would be released, nor would any current pass 
at all unless some saline substanoeB were in the water. Bnt if in 
any intermediate solution there is a chemical affinity for one of the 
ions, cajtable of producing a precipitate, that ion will never pass 
aor<»s Qi6 solution. Suppose tiiere are four solutions, common salt 
at the cathode, sulphate of soda next, then nitrate of silver, and 
again sulphate of soda — no particle of chlorine would ever find its 
way to the anode, but snlphuric acid would be set &ee there ; any 
chorine which either by endosmcee or by electrolytic transfer 
reached the silver oell would there be at once precipitated. What 
really occurs is a constant interchange of the ions between oon- 
tiguons molecules along the polar chain, so that when this is 
composed of difierent electrolytes in contact, the different oon- 
stitnJent ions are soon distributed ; but whenever in the course <^ 
this distribation two ions come together which have a mntoal 
affinity great enon^ to canse an ordinary chemical oombioation, 
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tbey beoome ineolnble, fttid drop ont of the polar diain. Fantdar 
proved this by decompoamg sulphate of magneaia in contact wiui 
water in strata one abore the other, and with precantioiu to prevent 
distnrbanoe hy gas : no magnesinni found ita waj to the cathode, 
bnt on entering the water it formed a film of magoeaiB in the 
middle of the liquids at the line of junction, which eerred as 
electrodes to the separated Uquida 

392. To understuid the chemical actions effected by the cmren^ 
it is necessary to examine them first in a pure electrolyte, a single 
snbstance : and most of these have to be Uqaefidd by fnsioQ. A 
good example is chloride of silver with silver electrode ; the silver 
adheres to the cathode and the anode dissolves away, maintaining 
the chloride of silver constant. This is Direct Electrolysis. Wit£ 
a very large nnmbor of sabstonces in tohHoyi, a different kind of 
action occurs, which is called Secondary Electrolysis. I will give 
the usual explanation of this first, and then show a principle which 
explains it more perfectly and in better accord with the principles 
of the electric current 

293. If we electrolyse a solution of sodium chloride NaOl, we 
obtain 01 at the anode ; at the cathode we do not obtain Na, but 
we have instead of it H, hydrogen, in the proper equivalent propor- 
tion ; in the solution we have an equivalent also of canslac soda 
NaHO. But if we electrolyze sodium sulphate NoiSOf, we obtain 
at the anode an equivalent of oxygen 0, and also an equivalent of 
firee snlphurio aoid H^SOj, while at the cathode we have the same 
as in the case of the chloride ; we have, therefore, in this case 
apparently two equivalents of substances set free for one equivalent 
of cnrrent. The explanation given is this : if we add aodinm, Na, 
to water, we decompose the water, we produce NoHO caustic soda, 
and H as &ee hydrogen. Therefore, when we decompose NaCl^ 
we actually set free Na in presence of water, which is then decom- 
posed by geeondartf or purely chemical action. In the cose of the 
sulphate we also set free at the anode (or render nascent) SO4 a 
radical which cannot exist separately, but which likewise acts 
upon water, H^O, forms H^SO,, and sets &ee 0, oxyeen, also by 
a seoondaiy cdiemioal action. We may picture aie reaotios 
thus: 

+ (S0/Na, ^oTn^ 80, NaKa \ 
iHa, ■ ■ — — echo/ 



The upper row of brackets show the original molecules <^ 
Na^SO,, 1^ which the end ones break up and react upon the water, 
vhioh does not enter the polar electric chain. If this explanatioa 
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were ttae, the E M F requited would be that of compodtioD ot 
Na^SO^tandthatiB: 

NaO by Table XIIL 14593 foot-pounds 

NaO + S03,brT»bleXIV. 3139 

467}) 17733 = volts 3'9 . 

There would kIso be heat produced in the liciuid equal to that of 
the aotion of Bodinm on water. Now we know that an £ K F of 
1*5 Tolta ia sufKoient to joat set np the action, and that this heat is 
not generated. To understand what really occnrs, and so get rid 
of the complication of direct and secondiuy electrolysis, we must 
distdnguish between the actions in the body of the liquid, and 
those which occur at the etectroda. 

294. The actio* tn the hodg of the liqaid consists of molecular 
motions transmitting the current, and the interchange of itms 
among tbemselvee as they happen to meet witli others capable of 
combining with them. These actions are entirely of the nature of 
resitlance: the current, therefore, will divide itself among any 
number of mixed electrolytes as among different wires, in the 
order of their resistance ; therefore, in an ordinary coppering 
solution containing a good deal . of free acid, the current will be 
carried mainly by the acid, because the oondnctivity of sulphuric 
acid I to II of water is 89, compared with sulphate of copper 
as 5. 

395. At the electrodet there is a teleclive power, — ^This is not 
based on resistance, but solely upon the ratios of electromotive 
force required to famish the requisite energy. If several anions 
are in contact with the anode, that one wUl be set free whose 
specific energy is lowest ; hence in dilate hydrochloric acid, &o., 
chlorine is selected because its energy with hydrogen is only 
4731 foot-pounds, while the other anion present, oz^en, require* 
6841 foot-pounds. (See Table XTTT., p. 212.) If the anode is 
soluble, that anion would be selected whose specific energy is 
highest when combining with the anode, as then it would oon- 
tribnto energy to the polar drouit as -J- £ M F (both these state- 
ments are subject to limits which will be considered presently). At 
the cathode a similar selective action occurs : thus, if a copper 
solution contains iron, copper only will be reduced, because the 
— EM F of copper is only 1-36 volts (Table XT., p. 314), while 
that of iron is 3*07 ; for Hiis reason also hydrt^en is not released 
in presence of metiJlic salts, except when their specific energy, 
or — B! H F, approaches nearly to that of hydrogen. Hence in 
depositing nickel or iron, hydrogen is always given off^ despite of 
8mee's law to ttie contrary. The principles I am laying down show 
no,-7«jhyGt.)tJ^le 
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118 wby. The — EH V of iron is a '07, uid that of hydrogen is 
only I '9, nearly the Mine. 

296. It ia probable that thero are oases, however, in which s 
trae secondary or diemioal reactioD oocnrs. Snob are those actions 
in which no direct itm is released from a broken-ap molecule ; bnt 
a complete molecule has a part of its oonstitnents removed or sab- 
stitated, or extra atoms (forming the true ion released) are added 
to it. Such an action oconra at the cathode when nitric acid is 
present there ; the ttaaeent hydrogen reacts npon it in manners 
^trying with the rate of current and the ooneentration of the acid ; 
if this is weak, hydrt^en is given off. In other cases the acid 
is rednced more or less by the hydrogen removing one or more 
atoms of oxygen ; if the action is strong, a part of the acid BiNOj 
is even wholly rednoed, the oxygen is snbetitnted by hydrogen, and 
the radical ammoninm is formed, which unites with another atom 
of acid to form nitrate, tfans : 

ggg> + H.-lJH.N0. + 3H,0. 

A oorresptmding action may ooonr at the anode l^ the power of 
nascent oxygen or chlorine. On this ooconiit it is dangerons to 
electrolyze a strong solntion of sal ammoniac (ammoninm ^oride) ; 
and I select this example because it is an experiment very likely 
to be made ; it decomposes into ammonium NE,, which breaks op 
into NHj + H at the cathode, and CI at the anode, and the chlorine 
partially reacts npon the ealt and forms di«ps of chloride of ni- 
trogen, a violent and unmanageable exploeiTe : thus NH,C1 + 6C1 
= 4HCI + NCI,. I give this formula for simplidty sake, but no 
one knows what ohioride of nitrogen is. Some consider that it is 
really HCljNjCljN, bnt its analysis presents no great inducements 
and a great many difficulties. Bnt while these actions, which ^re 
prodncible by ordinary chemical reactions, may be regarded as 
secondary actions of substances set free, it is more likely (and more 
in accord with the general facts) that, in most cases, the molecules 
reacting arc actually ranged in the polar electric circuit, and that 
the actions are effected under the influences exerted by the current. 
We may therefore substitute for the confusing ideas of direct and 
secondary action the following new definition, which will embrace 
all the facts. 

297. GkhbealLawov Elhotboltbib. — At the eleeirodea thote i«b- 
itOMXe are let free whicA ahaorh, m heeimmg free, the lovxat ^peafie 
energy. 

Iliat is to say, at the point wh^re tiie current enters or Icbtcs 
the electrolyte, any neif^bouriii^ molecule, viheOi^r on electrolyte or 
not, will be rang^ in lAe polar circuit, provided, either that one 
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p&rt of it can nuite with the true um turned towards the electrode 
and the other part can form a free molecule, absorbing from the 
circuit leBS energy than the ion of the trae electrolyte would reqtiire 
in order to become &ee, or that the true ion can be introdnced into 
this otber molecule at a lees expense of energy than would be 
needed to enable it to constitute a &ee molecole. The Babetancee 
set free may be thus formed afresh out of materials in contact at 
the electrodes, not merely eeparated as ions or radicals from pre- 
viouBlj existing molecules, (dthoagh this latter is the fundamental 
type and general action of electrolysis. 

This new conception, it will be seen, establishes an analogy 
between the effects of electricity in electrolysis, and those of heat 
in destmctive distillation. As in this last case the substances 
arrange themselTes in new forms suited to the farces existing in 
the retorts as degrees of temperature, so in tbe decomposition cell 
they arrange themaeWes in forms snited to the forces existing as 
d^tees of electric tension or electromotive force. 

298. Mixed ELBOTfiOLTTES.— la § 238, p. 196, it is shown that 
when several paths are open to the current, it liiTides itself among 
them all in the inverse ratios of their several resistances. Every 
condnctor is, in fact, a system of such " derived circuits," as the unit 
conductor is the single chain of univalent moleonles. Fig. fi^, 
p. 193, shows that in liquids every part is polarized, and forms 
a system of derived circuits, of unequal resistance, &om every 
part of one electrode to every part of the other electrode, and as 
a consequence every part of the liquid in the cell carries a 
part of the current proportioned to the lines of resistance in 
which it enters ; but this relates only to the true resistance to 
conduction, g 236. The conditions are quite different when the 
different " derived circuits," or paths for current, are different elec- 
trolytes; those conditions will also be very different when the 
electrolytes are in different cells, and when they are mixed in one 
vessel. 

As a consequence of the balancing of electromotive forces, when 
a current enters a mixture of electrolytes and passes along them in 
the ratio of the resistances, it also decomposes them in the order 
of their electromotive forces. Wo have seen, § 289, that it will act 
on none whose — E M F eiceods the tension to which the electrodes 
can be raised ; yet it may do so apparently. It may at one elec- 
trode select one ion alone, and at the other either an ion, originally 
forming part of the same, or of a different electrolyte ; or it may 
release several and redistribute the other constituents. It will 
release, first, at each electrode, guek t'otu im /oifee up lecul energy, 
whether they originally formed part of the same electrolyte 
or not. If the tension is raised much beyond the point needed for 
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his, ions requiring more energy wiU be releued, in ratios de- 
pendent largely upon tlie quantities present, and in contact wi& 
tlie electrodes. 

399. ElhttboiiTtbb di dbbtvzd CmcurrB. — tf, instead of going 

throngh a mixtnie of Heveral electrolytes, the circuit is divided 

into sereial branches, or derived circuits, with a decomposition cell 

in each branch, containing electrolytes of di&rent —EM Forces, 

then a different set of cmditions will arise. The result will he 

governed by the laws of derived circnits, 

but with modifications dne to the presence 

4-Lr "*" ^ of these varying opposing electromotlTe 

(^ } _ forces. Let Fig. 69 represent three such 

derived ciicnits (1) containing sulphuric 

acid with a copper anode, with a — K 91 F 

= •534; (3) Hydrochloric acid which gives 

^~^ o£f HCl, the force of union of which 

5-(5]9) i;jef- being 4533 ft.-lb. = -968; (3) Sulphuric 

acid with platinum electrodes — £ M F = 
1*464. If these figures were resistanceB, 
the common current [would divide itself 
between the lines in the opposite ratio, and if each were measured, 
and the common current were measured also in A, the snm of i, 2, 
^ would be equal to that of A. This latter holds good in an; case ; 
if A is a voltameter or a Smee cell, it will give as much hydrogen 
as I, 2, and 3 t(^ther ; but the ratios between these latter will be 
quite another matter. Until the difference of tension between 
AB and CD rises to '534, no current would pass; then it would 
go wholly by I ; when it rose beyond '968 a little would go by 
2, but only a small proportion; and it would require greater 
battery power than if 2 were acted upon alone, because by the laws 
of derived circuits, the tension would be equal at all the junctions 
of I, a, 3, with A B, and, therefore, the farality of passage opened 
through I, would rapidly lower the tension in the common con- 
ductors, and make it more difficult to raise it to the degree 
necessary to pass any current through 2 than it would be were r 
disconnected. 

300. Elkotbolttio Beaotions. — We may now apply these theo- 
retical principles to actual cells in which well-tnown reactions are 
carried on. 

(i) The decomposition of sodium sulphate, instead of taking 
place by "secondary" action as shown in § 393, p. 254, is 
'effected by molecules of water entering the polar chain itself; 
the extreme ions of the chain go off as gases, and the formula 
becomes 
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Water. Sodium Snlphate. Water. 

(Th r^Tl^ SfT^ fifT^ ^^ 
+ "h ^"'Na ^°'Na ^"^'Na OH H 

Acid, Soda. 



The upper brackets sbovr the original molecules, and the lower 
ones the result of the action ; and I have iudiTidualized the atoms 
in order to show why a bibasic salt, such as a snlphate, takes two 
equivalents of current to decompose it, the eqnivalent being based 
oniH. 

This reaction requires I ' 5 eqniTolts of energy to effect — that is, 
so much energy must be given np by the current, in order to set 
oxygen and hydrogen free, and thd cell will act as a —e of that 
force. 

(3) But the anode represents the zinc of a battery cell, and if it 
can combine with any anion or acid radical present it dissolves 
like the zinc, and like it gives a -|- energy to the circuit. If there- 
fore Qso anode is made of copper, current would pass with less 
expenditure, and the action would become 

+ CuSO.S 



Here we see that the energy absorbed is i "ga — 1-26, or only 
o ■ 66 of an equivolt, because at the anode a reaction occurs whidi 
gives up energy ; or, more simply, there is only absorption at the 
cathode for setting hydrogen free. 

(3) We may have at the cathode also, an ion present which re- 
quires no more energy to set it free than a coireeponding reverse 
action at the anode will supply, then we have an electrolysis which 
is only a resistance, not a — electromotive force, and which there- 
fore the very feeblest force can accomplieh. If we place copper 
sulphate at the cathode of the last reaction, it becomes 

+ C«SO.g;8O.g'8O.^'sO.0» 



This is an ordinary coppering reaction, in which, to keep np the 
analogy, I have used the soda sulphate in the circuit, instecbd of 
copper sulphate or sulphuric aoid as usual. The copper, in com- 
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buungviththeacid, givefl up 1*36 eqniToltB of energy, as + EMF, 
and tbe final act of decomposition absorbs tbe same as — E M F, , 
leaving only the resistance of the cell to overcome. 

(4) In the ordinary voltameter with dilute acid we have a re- 
action which it will be seen resembles the decomposition of sodinm 
sulphate ( I ), but the hydrogen comes off at the cathode without pro- 
ducing any other substance there, because the acid itself supplies 
the hydrogen. 

Anode „*_ . ,_ . , . Cathode 

+ OHj SO. H, SO. H, - 
EMFVT464 
giving, besides the resistance of the cell, a — E H F of i ' 464 volts; 
BO that a single Doniell cell of volts i -079 cannot pass current at 
all through tliis cell ; but if we use as in (2) a copper anode, which 
gives ft -)- EMF "93, so reducing the — EMF to ■534, current 
passes ireelj, hydrogen is given off, and snlphate of copper formed. 
It will be observed that iu formula (2) tha corresponding reaction 
shows a force of o' 66, while here it is '534, although iu both cases 
the same products are set &ee. The fignree are arrived at by dif- 
ferent proceeses, the data for which are as has been explained, p. 308, 
very uncertain. Besides this, tbe presence of the caostic soda in 
the first case introduces an element which does not exist in the 
other, and this is the real cause of the greater force required. All 
these figures are given, however, to illustrate principles as yet un- 
derstood by very few, not as actually accnrate in themselves. 

301, Water not as Eia^tbolttb. — Almost all the books give 
diorama, and apeah of the decomposition of water ; in fact, they 
commonly attribute the processes of electro-metallurgy to secon- 
dary action of the hydrogen set free by the decomposition of water ; 
they speak also of water being a bad conductor, but made better by 
the presence of acids and salts. The foregoing principles enable 
ns to define a (rue electrolyte as a pair of iom which wiU break up 
under a teiuion equiixflent to Ike affinity which holds them together. 
It is doubtful whether pure water is not one of the strongest insula- 
tors ; at all events, it will not only not electrolyze under a tension 
of 1 ' 5 volts, hut it resists a hundi-ed times that tension : therefore 
it is not an electrolyte. This point has been often argued. Some 
have said that alternating currents will decompose water, only the 
constituents reunite at the electrodes ; this plan is obviously merely 
reversing the charges of a condenser, swinging the water moleonles 
backwards and forwards, not breaking them up, nor passing onr- 
rent through the water at all. Others have tried to diminish the 
resistance by coiling up two platinum plates separated by silk, 
giving great area and litUe thidmess of liquid. They passed corrent, 
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ELBCrROLYSIS, 261 

and got g&see nnqueetionably, but it is acaroelj neceesat j to say 
that it was not leater which was being decompoBed. The fact is, 
really pore water is nnkiiowii, even to chemists ; it cannot be made, 
and, if made, could not be kept fire minntee. Water is a oloBe 
approach to the long-sought object of the old alchemists — a uni- 
versal solvent. The purest platinum, even though made red hot, 
&c., is sure to have lome residuary impurities or adherent gaB, and 
thus the conditions of ideal electrolysis are inevitably vitiated. 

302. Water and many other substances permit a slight current 
^ pass without undergoing electrolysis ; and it has been argued 
that this is caused by ^e gases being given off and absorbed by the 
liquid. We cannot limit nature, nor can we be quite sure that 
liquids cannot conduct, in some degree, like metals and solids, as 
evea guttapercha does. But there is another point to consider. 
Water freely dissolves air, and takes up the oxygen in a higher 
ratio than the nitrogen: it is by this property that fishes are 
enabled to breathe; therefore when the water is polarized as a 
dielectrte, and its hydrogen tends to escape, it finds itself always in 
presence of a small quantity of oxygen, and that, also, in all pro- 
bability condensed upon the platinum which possesses the property 
of so condensing gases ; besides this, platinum and also gold will 
unite with both oxygen and hydrogen in some small degree, and it 
is highly probable t£at the small current (very slight it is) which 
is known to pass is really due to these various t^encies which set 
up a -(- E M F, sufficient to enable even a small tension to pass a 
current proportioned to it and the resistance. 

303. In tiie various reactions commonly called the decomposition 
of water, the oxygen and hydrogen gases do not come off pure, and 
consequently the exact theoretical measures are rarely obtained. 
Ozone is generated at the anode, and peroxide of hydrogen at the 
cathode. These are both remarkable substances, as possessing the 
contradictory properties of being both oxidizing and reducing 
agents. Ozone is a molecule of oxygen containing three atoms 
instead of two, and with the third molecule ready to leave at the 
earliest opportunity ; therefore it will take oxygen &om an oxidiz- 
ing agent to form ordinary oxygen, and hydrogen &om a reducing 
agent to form water. The reaction which produces them may be 
written thus : 



|HH|HO,, 



Anode O H, 5 S 5 o Cathode. 



An atom of oxygen released at the anode, and its two atoms of 
hydrogen acting on two molecules of water, so as to form two 
molecules of free hydrogen and one of hydrogen peroxide H^O^. 
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Three mch reactions gire three fttoms of oxygen to form a mok- 
Gole of ozone O3 at the anode. 

N'earl; pnrs water confatining air, when electrolyzed by a power- 
ful cnrrent, geueratee nitric acid HNO, at the anode, by nitrogen 
and water taking up oxygen, and ammonia at the cathode by direct 
union of nitn^en and hydrogen, thos : 

Anode 2N 1 Cathode 3N1 „,^prj , n- 

5O = aHNO, loHl = ^™' + 4H 

304. D1B8OOIATION. — When a current &om a frictional machine 
enters water by means of fine points, decomposition occors ; it is 
not, however, eledrdysu, but disioeiation ; both gaeee are given off 
together at each of the electrodes ; this is dae to the high tensions 
set np and the violence of the vibrations produced, au^ogoos to 
the action of a flash of lightning, so that the atoms of and H 
constitnting water are, as it were, shaken apart Similar dissocia- 
tion is produced chemically in water (as steam), and in many snb- 
stancea when the temperature or heat tension rises beyond the 
d^p'ee at which combination occurs. This &ct has a striking 
analogy to the dismptive action exerted in electrolysis whrat the 
tension rises beyond the chemical affinities of the radicals, both 
expressed in the eqaivolt unit, 

305. In the electrolysis of common salt NaCl, for every nnit of 
current one atom of hydrogen will be released at the anode through- 
out the action ; but none of the other reactions will be uniform : at 
first the action accords with the ordinary laws, and for each atom 
of hydrogen there will he an equivalent of sodium hydrate at the 
cathode, and of chlorine at the anode. 

HHO nTcI Na Ci 

But, as the caustic soda accumulates, it carries a part of the 
current, and then commences a series of complicated actions at the 
anode. Chlorine is no longer given off alone, bnt some oxygen 
accompanies it by the following process, pait of the CI taking np 
H and forming HCl : 

HON^ H^O 

HHoi^rcil 

The same reaction also extends itself by taking np a molecule of 
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the salt, &nd forming Bodimn hypochlorite, instead of setting the 
oijgen&ee. 

'hot^ hho "nTci 

In conseqaeiic« of this and similar reaotions, chlorates and other 
oxygen salts may be formed at the anode when chlorides ^re 
electroljzed, instead of the full equivalent of chlorine being given 
oC In the electrolysis of hydrochloric acid similar roeultB occur, 
and oxygen is set free as well as chlorine, and the ratio of oxygen 
increases as the acid is weaker, because there are more oxygen 
atoms in the yicinity of the electrode. 

These and many similar little- studied reactions have a deep 
significance hitherto overlooked. They have been commonly dis- 
missed as slight exceptions from the established laws of electro- 
lysis, or as incidental results of " secondary " action. They really 
show that this indirect, chemical, or secondary action is a .deln- 
mon ; dismissing it, we can ascend to that higher and more general 
law formulated, $ 297, p. 256. 

jo5. In electrolysis there is no direct transfer of ions from one 
electrode to the other, but a constant interchange of radicals in 
contact, which owing to the selectiTo power exerted at the elec- 
trodes tends to the accumulation of two classes of radicals, which • 
in the case of salts in solatioa would ultimately result in collect- 
ing all the acids on one side and all the bases on the other; bnt 
tl^ could never be effected as many suppose by a omrent equiva- 
lent only to these products; in practice, also, in an ordinary 
depositing cell the result of long-sustained action is the transfer 
of the metal of the anode to the cathode. But the anions or 
chlorous radicals tend to accumnlate most rapidly, and this has 
important resnlts in electro-metallurgy, because these ohlorons 
radicals act on the anode and snrround it with a heavy saturated 
solntion ; while the removal of the metal at the cathode tends 
to produce a weak and acid solntion there, just where a dense 
metallic solution is most desirable; in fact, if we use a neutral 
solution of copper sulphate in a cell with a porous partition, and 
drive a strong cnrrent through, in a little while the anode will be 
covered with crystals of sulphate of copper formed there, bnt 
onable to dissolve, while the solntion at the cathode will be 
exhausted so as to give the metal only as a powder. 

The mode of transmission of ions and the way in which the 
metal of the anode is transfeired to tlie cathode may be lepre- 
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§ent«d in the fblloving diagram, in vHch copper is Bopposed to 
be immersed in snlpharic acid : 

I. Cu 80,H, SO.H, 80.H, 
3. Cu 8O.C0 SO.H, 80,H, 

3. Cn SO^Cu SO^Cu SO.H, 

4. On SO.CaSO.Cu SO.Ca 

Tbe npper bracketB show the constitation before action, and the 
lower ones the result of one action npos each molecular chain ; 
after each action, which involves a rediatribntioa of tbe radicale, 
the newly-formed molecnlea make a semi-revolution so as to renew 
tbe polar condition ; at each action, therefore, a molecnle of copper 
eolphate ie formed by copper entering at the -\- end, and hydrogen 
leaving at the cathode, nntil at length copper sulphate reaches the 
cathode, and copper can be set free there instead of hydrogen. 

^07. ExPEBiuUNTS in electrolysiB are very interesting and in- 
stroctive, and everyone who wishes to nuderetand the subject 
ebonld make them for himself, taking care as far as possible to 
watch all the quantitative relations of the cnrrent by some of &e 
means described in tbe chapter on measurement. There have 
been many complicated and expensive forms of apparatus devised, 
but the most important experiments can be performed by the very 
sintplest means. Wires of suitable metals serve for electrodes, and 
small U tubes made by bending up pieces of glass tubing will servo 
for cells, tbe two liquids being placed E^>arately in Qxe legs ; in 
some cases it may be well to fill the bend with fine sand ; straight 
lengths of tube, closed at tbe bottom with a ping of plastor of 
Paris or asbestos, may be used by dipping them in a vessel of 
suitable connecting liquid. When gases are to be collected, test- 
tubes can be used, filled with the liquid, closed with the finger or 
with a piece of sheet indiarabber, and inverted over the wiro 
electrode. The instrument described, § 269, p. 229, is also admi- 
rably suited to electrolytic experiments. 

By connecting several such colls or U tubes in series, the student 
will see that the acids all collect in ose arm, and the bases in the 
other; and by using them singly and noticing the electromotive 
force or number of battery cells needed to pass any given current, 
fae will make clear to himself the relations of the force and observe 
the reacting current set up, while the conditions of Fig. 69 can be 
studied by monntlag tbe tubes side by side or in multiple are. 
For instance, let four \) tubes contain^i. Solution of potassium 
iodide with a little starch ; 2. Common salt, coloured blue with sul- 
phate of indigo ; 3. Ammoniom solphate with infosion of cabbage ; 
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4. Copper Bolpbate. Connected witli platmnm wires and placed 
in aeries witt a strong battery, the aaode arms will show acid re- 
actions; I will be coloured bine b; freed iodine ; a willbe blcacbed 
b; chlorine ; 3 will redden bj solphuric acid ; 4 will show acid on 
litmne paper. The cathode arms will show the presence of the 
bases : i will tnm tnrmeric paper brown b; potash. ; 2 will do the 
same b; soda ; 3 will become green by ammonia, or bine if litmns 
is nsed in place of cabbage; 4 will deposit copper. Used sii^ly or 
in multiple arc with gradually increased battery power, they will 
show the differences In the power required for each of these re~ 
action B. 

308. In addition to the reactions already described, the salts of 
phosphoric acid furnish a striking illustration of the relation 
of electric current to the valenoy of the ions, and also furnish 
teachings as to the true constitution of these acids and salts. There 
are three phosphoric acids : 

I. Metaphosphorieacid HPOg 

a, Orthopbosphoric (common) E3PO4 
5. Pyrophosphorie H4l'a0, 

The last two can take np different atoms in substitution of the 
basic H, or substitnte part only, so as to form acid or compound 
salts. 

If we electrolyze sodium salts of each in series, we shall have 
the same quantity of hydn^en given off by each, and the same 
quantity of soda generated at the cathode, and equal quantities of 
oxygen given off at the anode attended with the several acids. 
Thus we have : 



- I. Sletaphoephate. + 

H H N» PO, Hl„ 
H H Ha PO, Hf" 


H H Na Hl„ 
H H Na Hr 

ypA 

H H Na Hl^ 
H H Na Hr 


H H Wa PO, Hl„ 
H H Na PO, Hr 



Four unite of current (H = i) decompose four molecules of 
monobasic metaphosphate of soda in one cell, freeing at the anode 
four molecules of the acid, containing, of course, four atoms of 
phosphoruB ; in the second cell they act upon only one molecnlo 
of tetrabasic pyrophosphate of soda, releasing one molecule of the 
acid, which contains two atoms of phosphorus ; yet in each cell 
the same qoantitiea of oxygen and hydrogen are released, because 
th« same number of water moleoules are pressed into the circuit. 
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3og. There are some aalts from vhidi oxides are thrown down 
in B Bolid form. Snch are the nitratee and acetates of lead, manga- 
nese, and bismnth, £rom which the peroxidoB as PbO, MnO, are 
d^oeited npon the anode. With the lead salts very beanti^ 
emits are prodnoed in this way, as the peroxide in diS^at thick- 
nesses has diffeieot colonra ^irongb which also the metal it is 
deposited upon may partially appear. By acting on a polished 
plate with a pointed electrode &cing it, rainbow-tinted rings are 
formed on the same principle as Newton's rings, dne to the inter- 
ference of the waves of light reflected throngb the film, which 
diminishes in thickness as its distance from the point increases. 
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CHAPTEE S. 

ELE0TBO-Hi:TAIJ.I[BaT. 

310. Althongh electro-metaHurgy is a purely practical art, and 
lie Bucceesfnl practice may be accomplished with a Teiy small 
modicnm of science, this is true only of the factory ; to leant it 
&om books and solitary practice, and in any case to leam it i&t^- 
ligeutly and to pass beyond the range of mere " rule of thnmb," it 
is necessary to clearly underatand the principles in operation, and 
the terms necessarily employed in explaining those principles, and 
reference will be made where required to the earlier pages in which 
tLeae may be found. For this reason also, if anyone hopes to 
leam at once how to rival Elkington in the art of dectro-plating, 
or even, having got a Smee cell and half a pint of gilding solution, 
to at once proceed to gild his watch case or chain, he may as well 
resign himself to disappointment ; he must go through an appren- 
ticeship, by first learning thoroi^hly how to deposit copper in any 
required condition ; this is a cheap and manageable process, and 
all the secrets of electro-metallurgy can be learnt there, and, once 
mastered, enccess in the other departments is assured, and only 
slight instructions are necessary for each special case. 

jii. The first thing essential to be considered is the source of 
the force, i. e. the best form of battery to employ. We require a 
battery easy of management, giving a large current at moderate cost 
and of tolerable constancy. Much will depend upon the amount 
of use to be made of the apparatus, for the conditions are very 
different when the instrument is to be kept steadily at work, and 
when it is to be used only by fits and starts. For most purposes 
the Smee is to be selected before any other ordinary form ; but a 
careful study of the chapter treating of the different batteries 
will enable the reader to select the form most suitable to his 
pnrpose. 

31a. The basis of all knowledge is experiment, and the very 
essence of experiment is exactness ; and this latter can be obtained 
only by regular measurements, a matter rarely attended to in 
electro-metallutgy. It is impossible to urge too strongly, alike 
upon the learner and the practical operator, the advantage of 
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keeping in the circuit a Boitable g&lTUiometer which will ftlways 

show that operatiouB are going on properlj, call attention to any 
irregnlaritj, and meaeoie at eyery instant the actual work doing, 
while showing the effect of any variation in the conditionB. Tn 
this way the work itoelf soon t^hee its laws. For most purposes 
in mebjlorgy a vertioal detector, g i8t, will be found suitable, as 
not needing exact placing, and not being disturbed by neighboui- 
ing magnetic bodies, when, as is nanal, two similar needlea are 
mounted on the axis with poles reversed. ^For experimental pur- 
poses, however, the instmments, §§ 179, 180, are expressly adapted, 
and many of the experiments and figures to foUow relate to their 
indications. 

313. The various principles and processes classed under the 
name of electio-metaUurgy may be classified and studied under 
seTeial distinct heads, and sonnd knowledge can be obtained most 
readily by carefully distingnishing these heads. The mere process 
of removing the several metals from their solutions is a part of the 
general theory of electrolysis, of which it is a practical application, 
that theory Uicrefore should be carefully studied in Chapter IX., 
BO that in each given case we may secure the metal in such con- 
ditions of cohesion, colour, &c, as we desire. 

} 1 4. There are two completely distinct objects sought in difierent 
oases. 

(i) We require to form a fresh object in metal which is to 
have a separate existence of its own, and must, therefore, possess a 
certain substance and strength ; this class of work is nsually called 
^edrolype, such as forming of copper plates, solid vessels, dupli- 
cates of coins, medals, &c., and divides itself into the two cases of 
deposits on metals, and on non-metallic models the formation of 
which has to be undertaken. 

(2) We require the newly-formed metal to incorporate itself 
vrith that on which it is placed, and which it is our object to protect 
from atmospheric and other influences or to beautify ; this class of 
work is called electro-plating. 

This classification would appear to be the really Important one, 
bnt this is not the case ; for the result is simply a detail of the first 
head in the next classification to be considered. 

(i) The preparing of the object to be deposited upon, including 
moulding, cleaning, &c. 

(2) The actual deposition; selection, and making of the required 
solutions, and regulating the electrical energy for the due per- 
formance of the required work, 

(3) The finishing off the completed work. The first and last of 
these are in the main mechanical operations, and may he considered 
together. 
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' JI5. Thb Fbbfaration or the Objkoth. — Here tie first qiie»- 
tioD is : Do wo require on adherent deposit, a snperficial plating ; 
or do we wiah a removable coating, an electrotype ? The first can 
only be ohtejned upon a metallic aurface, and that snrface mnst be 
of a metal not acted npon to any great extent by the solution to be 
need ; thus it is in Tain that we may try to get a coating of copper 
on an object of zinc or iron in a solution of sulphate of copper. 
This comes under the second head, however. 

To obtain an adherent deposit there is one essential — cleanliness. 
And in this sense that word meaoB the perfection of that virtne, 
not such cleanness merely as will satisfy a sciillery'maid, or even 
her mistress, as to the plates and dishes, but chemical cleannefis, 
the absolute absence of any foreign matter whatever, as such matter, 
however clean to ordinary ideas, is dirt, as Lord Palmerston defined 
it, matter in the wrong placa Thus, a piece of silver or gold 
tiben off a shelf, however bright and clean it might look, would 
not take an adherent coat if put into a coppering or sUveriag cell 
and deposited upon ; on burnishing it probably, on heating it 
certainly, the coating would blister and strip. The reason is that 
every substance whatever has a film of air closely attached to it, 
and the deposited metal forms on this film and not in molecular 
contact with the metallic sur^e ; thus, in the case considered, the 
air, however pure it may be, ia dirt — 1. e. it ia in the wrong place, 
between two surfaces we want to be themselvea in absolute mole- 
cular contact. 

If a surface has been cleaned to perfection and it be touched 
with a dry finger, on that spot the deposit will be non-adherent, 
and in many cases, if cleaned by liquid processes, even a momentary 
e^>06ure to air will cause the formation of a film of oxide, &0., 
which, infinitesinial and even nndiscoverable as it may be, will still 
prevent adherence, so that it is of extreme importance to understand 
what is meant by chemically clean, and bow to secure that con- 
dition, if it is desired to avoid the moat mortifying disappoint- 

If, on the other hand, we desire a non-adherent removable de- 
posit, we require ordinary cleanliness, the removal of loose ex- 
traneous dirt, and everything which would interfere with the 
formation or beauty of the deposit, but we mnst carefully deface 
chemical cleanness of surface by means described, § j 2 1 . 

316. Articles may be cleaned either by dry or wet processes, the 
first, of course, consists mainly of bmahing with the aid of poli^iing 
materials, fine silver aand, emery, tripoli, whiting and rouge, ac- 
cording to the nature of the article. It should be observed here 
that whatever condition we desire in the finished article we must 
produce in the object before oommeuoisg deposition : bright parts 
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ahonld be bnmislied, and all ronglmess of workmanship Bmoothod 
o£^ and all file marke and BcratclieB carefollj remOTed. There is, 
however, this- limit to this observation, that in adherent coatings 
ahsolnte finished polish is not desirable, and even thongh it is 
proper to bomish tiie required parts so as to give a close fimsh, y^ 
before actnal deposition this burnish should be slightly and snper- 
fioially removed, as perfect adherence is less ea^ to obtain on an 
abeolotely smooth surface, thongh an instanf^s dipping in strong 
acid is enough to give the bnmished snr&ce the capacity of ad- 
herence without deteriorating from the beauty of finish. 

The beet cleaning and polishing apparatus is in the form of 
circular brushes mounted upon a lathe ; in factories this is always 
employed in the fonn of the soratch-brnsb lathe, a rongh afiur 
driven by steam or by a common treadle, with fittings to supply a 
constant drip of various liquids found to facilitate the action, such 
as soap and water, stale ale, Ac. Amateurs who have no lathe employ 
the common hand brushes of bristles of various degrees of stif&iese; 
for- the harder work of cleaning, the vrire " cord " is very usefiil, 
and for the more delicate work scratch bmshes are employed, in 
the form of bundles of very fine wire bound round with stronger 
wire (which is unrolled as the wires wear down). These are made 
usually of hard brass, but iron is also needed, and in some very 
delicate work, bmshes of spun glass are nseftil. The same sort i^ 
brushes are employed in finishing off the articles after deposition. 
These matters being purely mechanical and self-obvious to anyone 
after a little practice, it is not necessary to go fnrtber into detail 
about them. 

317. Many metallic substances it is advantageons to heat and 
plunge into acids ; but this must not be done with objects which 
are soldered, or whose temper or hardness it is necessary to pre- 
serve. As a rule, the first thing to be done (where this heating is 
inapplicable) is to remove (he greasy films which most objects ac- 
quire either in use or course of manniacture: this is effected by 
boiling and rubbing in a solution of caustic soda, made by boiling 
about 2 lb. of common soda crystals with milk of lime, produced by 
slaking } lb. of quicklime with hot water and well stirring ; this 
will produce a gallon of suitable solution, fiom which it is not neces- 
sary to remove the carbonate of lime fonned, as it will assist in the 
cleaning. The boiling must be effected in an iron pot, not tinned, 
aa tin would be dissolved and deposited upon objects afterwards. 
After this alkaline bath the objects should be well washed in several 
waters or under a running stream. They are next cleaned in acids, 
and again very carefully washed before passing into the depositing 
vessel ; but this stage requires a classified consideration based on 
the several metals <xf which they are o<mipoBed. 
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(i) Silver may be washed in dilnte nilirio acid, tlien dipped in 
strong nitric acid for an instant and washed. It will require no 
fnrthet treatment. There mnet be no hydrochloric acid or chlorine 
saltB present. 

(a) Cwper, JmuB, and Qerman sSna- are immersed in a pickle 
oompoaedof water, loo parts; oil of ritriol, loo parts ; nitric acid, 
specnfic graTity i ' J i 50 parts ; hydrochloric acid, a parts. 

The nitric acid is of &e etreogth sold as double aqnafortia An 
acid prepared for the purpose is sold as " dipping acid." Two 
Tessels shonld be employed for this acid ; one treab, for a final dip 
of an instant or two, and one partly spent, in which the princip^ 
cleaning is effected. If there are gi^en spots of verdigris on the 
object, dieee should be first removed by mbbing with hydrochloric 
acid. 

For coppering, this cleaning would be enough ; but for silvering 
and gilding, it is better to coat the surface with a thin film of mer- 
cury. This is efiboted by means of a solntifni of i oz, of mercury 
in nitric acid with 3 parts of water diluted to one gallon ; there 
will form a grey or blackish deposit over the surface, which, on 
braahing sofUy, gives place to a brilliant coating of mercury ; the 
object ££ould be transferred to the depositing cell the instant this 
is obtained, otherwise it soon tamisbes, and will require fresh pre- 
paration. There should be a little free nitric acid in this merctuy 
solution, and whenever there forms a black deposit somewhat ad- 
hering, it is evidence that the mercury is becoming eshansted. 
Solder, lead edges, &c., give much trouble, as it is very hard to 
prevmt a black line forming at the junction which prevents silver 
taking ; these spots require treatment with a stronger solution of 
mercuiy, or a plan I have somewhat modified from Watf b may be 
often used: to a soft brush (camel's-hair pencil), tie one or two iron 
wires of Ho. 35, or thereabouts, so bent that the points closely fol- 
low that of the brush, which is to be dipped in a weak solution of 
sulphate of copper free from acid, and drawn over the solder, the 
iron touching it ; a reaction is set up, which causes the copper to 
be deposited in a thin adherent film, on which the electric deposit 
will £z itsel£ Nitrate of copper, prepared by dissolving the nietal 
in weak nitric acid, is even better il^ the sulphate for this pur- 

(3) Britannia metal, pewter, Hn, and lead should not be dipped in 
the pickle, but rinsed in a fresh caustic soda or potash solution, 
and transferred at once (without passing into water) into the solu- 
tion for silvering. The reason is that the oxides of tin and lead 
are soluble in caustic alkalies. 

(d) Iron and eted are soaked in a solution of i lb. of oil of 
vitnol in a gallon of water, with a little bydroohlorio and nitric 
no,-7«jhyGt.)tJ^le 
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■oids added. Cast iron leqnires somewhat stronger solntions and 
very careful robbing with sand, &c. Steel, on the other hand, re- 
qnireB weaker solntiona. They may often be eSectnally and speedily 
cleaned by connecting them as anodes to a single cell in this soId- 
tion, using a plate of copper as a cathode. 

(5) Zinc may be treated similarly, bnt it is desirable to finish with 
a dip into stronger acids before the final waahii^. Most of the 
French " bronzes " are made of zinc, and some do well for ailTeiing 
on. In these last cases no copper or other metals should be dipped 
in the baths, and soldered joints mnst be treated as described 
above. 

These latter classes require special preparations and treatment 
in the depositing baths, but jnst the same classification is advan- 
tageous there as in the cleaning processes, and the details will be 
given when treatii^ of the depositing processes themselves. 

118. PitxPABiHa Old Work. — In replating old goods it is essen- 
tial that the former silver, &0., should be removed, otherwise a 
black line forms at the jnnctions, and sound deposit cannot be ob- 
tained. In factories, this is usually effected mechanically by the 
scratch brush, with the aid of oil and rotten-stone, and the •febris 
are collected and reduced to recorer the metals. The metoU may 
also be removed chemically. 

(i) To Remove Gold.—Ijsaaeie6 in strong nitric acid, and add 
crystals of common salt ; after a time, when the acid is exhausted, 
evaporate to dryness, and fose with soda or potash to obtain the 
gold. 

(2) To Benwve Siltier. — Immerse in pure oil of vitriol, and add 
nitrate of potaah (saltpetre), and beat. This may be done in a 
copper vesseL When spenl^ dilute largely, and throw down the 
silver with scraps of zinc, or as chloride, by adding hydrochloric 
acid. The silver may be recovered from this by fusing with car- 
bonate of soda, or by mixing with zinc cuttings and solphorio acid, 
or it m^ be used for a chloride of silver battery. 

(}) To Bemoee Copper, — From silver, boil with dilute hydro- 
chloric acid. 

(4) To Bemove Tin and Lead. — A hot solution of perchloride of 
iron (jewellers' roi^e, or the druggists' carbonate of iron dissolved 
in hydrochloric acid) will dissolve copper, tin, or lead without at- 
tacking silver or gold. 

319. YxsaxLS. — For all the foregoii^ processes, no better ves- 
sels can be had than the best hard brown earthenware ; for anudl 
articles, a kind of basket is made of this material with handle for 
dipping and shaking abont. The same material is available for 
the platii^ liquids themselves, though glass is preferable for small 
operaticms. For washing, it is wdl to arrange a succession oi 
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vessels vitli spouts, or slightly inclined, at such a level below each 
other that a stream of water will flow firom the highest to the lowest, 
so that by rapidly passing the object from the lowest npwaids, it 
is perfectly cleaned ; for amateurs, the simplest plsji is to hold tbem 
under a water tap, and remove them in a pan of water straight to 
the next stage. 

520. CoMNEOTioNS. — All objects mnst be securely connected 
electrically with copper wires. "Where it is possible, these should 
be soldered, bnt usually the connection has to be one of mere 
contact; for large objects, several wires should be provided; for 
small ones, such as spoons or forks, little stirrups of No. jo or ;3 
wire are best, fixed to a stouter wire, and the points of contact with 
the object should be frequently shifted, otherwise it will be defaced 
by a mark when finished. For this reason, the wire actually in 
contact with the object should always be aa small as possible, though 
it may be fixed to a stouter wire at a short distance. These con- 
nections may generally be attached before cleaning : if otherwise, 
they should be fixed under water, and with the hands scrupulously 
dean. 

The mode of connecting non-metallic objects is described, § 331. 

331. Ebuovablk Deposits. — Elect bottpks.— The objects on 
which these are to be formed should be made simply clean by the 
removal of loose dirt ; they should then be lightly rubbed over with 
a toft of cotton wool moistened with turpentine, with a piece of 
beeswax the size of a pea dissolved to the quarter pint ; this, when 
dry, will not interfere with the deposit, but will prevent adhesion. 
The back and aU parts not intended to be deposited on should be 
covered with vamish or wax for acid solutions, or with a solution 
of guttapercha or indiarabber for cyanide solations, which dissolve 
fatty and resinous sabatauces. Paraffin is even better for these in 
cold solutions, bnt is of course useless when heated, as in gilding. 
Bee also § 331. 

332. l^DuLDs. — Many of the objects desired to be reproduced 
have to be deposited, not on the objects themselves, but upon copies 
or moulds made from them, and some judgment is necessary in 
selecting the brat materials for the purpose ; we have to consider 
(i) of what material the original object is made, and (2) the material 
which will work best with this, and at the same time suit the 
particular process of deposition to be used ; thus we must avoid 
using a material which might injure the original, and also one 
which would be acted on by the solutions ; ttus latter being the 
case with all resiua, wax, and stearine iu cyanide s^utions. We 
should regard first the objects to be moulded from, the prooeeses 
being considered in the order of their advantage. 

(i) Metallic objeeta, coina, and medals, &o., are moulded &om in 
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fiuible metal, gnttepercha and muine ^oe, plaster of Farie, ot 
oompodtioii ; the Bur&ce ahonld generally be mbbed with sweet oil 
to prevent adhesion ; or if it is not objectionable, they may be well 
poUshed with plnmhago. 

(2) Plaster outs may be moulded from in plaster, in which case 
they moBt be rendered perfectly non-absorbeiit by Ihe means 
described ; they may also be copied in oomposition, in which case 
they must not be so prepared, or the object and mould will adhere, 
but most be so saturated wiUi water that the surface is moist but 
not wet, at which stage the composition can be poured on. 



R Cliohei. — This material has the adran- 
tage of req^niring no preparation to render it conductii^, and is 
connected by simply pressing a heated tinned wire on any suitable 
spot, and protecting by varnish the parts not to be -deposited on. 
The principal objection to its use is the deameas of bismath, to 
which the ready fosibUity is due. The mixtores most available 
are: 

Lead. Tin. Antimony. Bismuth. Fuse at 
(ij 5 3 o 8 3ia° 

(2) 5 4 I 8 

(3) I I o 2 200° 

The metals are to be melted and added in the order in which they 
ore arranged, stirred well together, and granulated by pouring 
gently into water. The alloy should then be melted a&esh, and 
granulated two or three times to insure complete mixture. The 
valne of these bismuth alloys arises from their assuming (as solder 
does also) a pasty condition before setting, and from their expanding 
in the act of cooling, thus taking a very sharp impression. A 
small paper esse, snch as a pillbox cover, a little larger than the 
medal to be copied, ia slightly oiled, and snf&cient melted alloy is 
poured in 1 it is then placed on a table, and stirred with a piece of 
card till it becomes pasty ; its snr&ce is then lightly swept free of 
any oxide by passing the edge of a card over it, and the medal, 
wMch should be attached to a holder, is brought sharply and firmly 
down upon the metal, pressed till it sets, and left on tUl the whole 
is cool. 

3 24. OiTTTAPEECHA is a good moulding material, and takes black- 
lead very readily ; but as it shrinks in cooling, it must not be vaed 
to surround any object, as it would not be removable withont 
injury; for the same reason it requires to bo kept under strong 
pressure until cold ; it is, therefore, best adapted to flat objects. 
It should be well softened in boiling water, and worked together in 
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cool water, md again heated to boiling temperature aod fiwm^'^y.. ■'^Oj 
into a ball, which, being applied to the middle of the surface, u""""^'* ^ 
worked ont in all directiona at the edges of contact, so as to prevent 
any air being enclosed, and as soon as the whole is evenly covered, 
it should be put under a weight or press to cool, for whi(^ purpose 
an ordinary copying press answers perfectly. For large sur&ces 
sheets may be lued. They should be warmed, one edge brought 
carefnlly ia contact, and Uie sheet- gradually lowered while au 
assistant prases it up to the object ; in this case the sheet mnst be 
new, as guttapercha oxidizes and forms a hard anr&ce, which wonld 
break up and deface the mould. A mixtnro of two parts of gutta- 
percha melted, and one part marine glue added, is in some respects 
superior to guttapercha alone. The glue, which has many uses, ifl 
best bought, as it is troublesome to make; it consists of i lb. 
caoutchouc, soaked for twelve days (till dissolved) in four gallonB 
of coal naphtha ; to each pound of this liquid two pounds of shellac 
are added, and heated in a closed vessel till incorporated. For 
guttapercha moulds the objects should be lightly oiled to prevent 
adhesion. 

325. Flabtsb or Fasts. — This is sulphate of lime, or gypsum, 
deprived of its water of cr; stallizatioa. This is effected by heating 
to 500° Fahr.; if heated beyond this, it loses its power of setting, 
but when properly prepared it has so strong an afOnity for water that 
in combining with it a solid substance ia formed. The plaster 
should be &^h, and it is best to warm it before use in an oven, or 
over a fire, tiU it bubbles slightly ; it should then be dropped 
lightly into a vessel of water, the excess of water poured o^ and 
the material worked up to a paste capable of being poured out. 
The object to be copied is oiled, and if flat is placed in a &ame of 
sufficient depth and covered with a thin paste of plaster, brushed in 
to secure freedom from bubbles, and tlien the plaster is ponred over 
till sufficiently thick. It should be allowed to set thoroughly 
before removed, and then baked gently to remove moisture. It 
mnst be thoroughly saturated with a resisting medium — tallow, 
steorine, or paraffin ; and the best mode of doing this is to place the 
mould with its foce upwards in a vessel containing a little of 
the melted substance, and heat till the face shows that the protecting 
agent has been drawn to it by capillary action ; then warm the 
mould gently by itself to remove any eicess, and allow it to cool 
before applying the plumbago. Bome use boiled oil, hat it is not 
safe, as it requires to be very ^oroughly dried before it can be trusted 
in the solution. Moulds well made can be repeatedly used, and the 
saturatiug material can be recovered afterwards by breaking into 
pieces and boiling in water, when the substance will melt and form 
a film on the water when cold. 
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326. Wax CoMPoamoK. — Hany materials have teen recom- 
meuded ; the object of the mutures ia t« prevent undue shrinkiog : 
this is partly effected by additioB of povdera, such as flake white, 
carbonate d lead (which, however, is partly acted on by the 
Bolntions), plaster of Paris, and plumbago or powdered graphite, 
which assists in producing a qnick and even coating. The best 

Wax. Resin. SteAriue. 



The wax is the ordinary yellow beeswac, and the stearine such as is 
nsed for compoeitioii candles ; good hard mutton suet may be 
snbBtitnted. The materials ehonld bo melted together gently two or 
three times, and when nsed ehonld be ponred on the model jnst as 
jnrt of the material begins to sot, not while hot. The object is to 
be oiled and placed in a flat veesel, or if round, as a coin, a piece of 
paper should be tied round it ; it should bo slightly inclined when 
the material is poured on, so that this may rise steadily over the 
surface, and drive off all air bubbles ; when set, the paper band should 
be removed and the whole allowed to cmk)1 for several hours before 
the mould is detached. 

327. Solid OsJ&OTa.— Houlds of these have to be taken in two 
separate parts. They should be bedded to half their depth in fine 
sand or other powder, in a case large enough for the purpose, and ' 
three or four pegs or mires fixed ia and projecting from the snr&ce 
of the sand ; the moulding material is then ponred on, and when 
cold, the case is reversed, all the sand removed, the suriace of the 
mould trimmed and prepared so as to prevent adhesion, and then 
material is ponred on so as to enclose tho object entirely ; when 
cold the two halves are separated ; deposits may be made upon each 
mould, and the edges united with solder. Some objects may require 
more than two divisioiiB of the mould, bat by similar means (which 
are, in fiict, the ordinary process for casting metals) any eomplioated 
object may be copied, unless the elastic mould process is preferred, 

328. Busts and Unsbbout Objsotb. — The latter cannot be 
moulded from direct. They can have a mould taken in the elastic 
material next described ; in this may be formed, of wax composition, 
a duplicate of the object, from which again a mould may be made 
of plaster and the wax melted out, thus producing a hollow mould 
which will be necessarily imperyions, and in which the deposit can 
be effected. HoUow silver vessels have been made in this way, by 
depositing a copper coating on the wax duplicate, which being 
m^ted out, silver is deposited within the copper, which is then 
dissolved off by the process given. 
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329. Elastio Modldb. — Glue ia Boaked in water till soft, and 
then melted in a water-bath as UBnal, and to it is added one foarth 
of its dry weight of treacle ; this forms an elastio oomposition such 
as printere' rollere are made of, and if carefully treated may be 
melted and used many times. To make the mould, a vessel is to 
be taken large enough to contain the model, whioh must be iteelf 
duly prepared to prevent adhesion, and if hollow, filled with sand 
and a etoat paper pasted over the opening ; theveesel ia to be oiled 
inside, the object stood within, and the composition poured gently 
over it. After standing 24 hours to cool and set, the whole is 
ebaken ont of tbe veesel, and a sharp clean knife run throagh from 
top to bottom in the most suitable line, when with oare the mould 
may be opened and the model withdrawn ; the mould ia then closed 
and a stout paper cylinder formed around to support it. This 
mould IB, of course, unfit to use with liquids; a fresh model is 
formed within it of some mixtures of was, &c., the composition of 
which is intended to produce a material which will take a good oast, 
and will also melt at a heat which will not injure the moiild, for 
which reason also it should be poured in just when it shows a 
commencement of setting, not when just melted. Equal parts of 
beeswax and resin, with a little tallow and powdered graphite, may 
be used, but the preparation patented by Mr. Farkes is best for 
formingdepositsdirectupon the model; it consists of 5 lb. beeswax, 
and 5 lb. deer's fat melted gently togetJier, and 6 oz. or 6 oz. of the 
following solution added : 

Pho^hoTw Solution. — i part by weight of phosphorus dissolved 
in 15 of bisulphide of carbon: this has the property of reducing 
the nitrate of silver and chloride of gold, wea^ solutions of which 
are to be provided and employed as described, g jjo. 

J30. Ihsbots, Flowers, L&oe, and many other delicate objects 
can be giyen a beautiful metallic coating. 

(i) Immerse in a solution composed ^ the phosphorus solution 
(§ 329), to which is added (in proportion to i lb. of phosphorus), 
I lb. wax, I pint spirits of turpentine, and 2 oz. of caoutchouc dis- 
solved with I lb. of asphaltum in bistilpliide of carbon. 

(2) Immerse in solution of nitrate of silver containing about 
I dwt. of silver to the pint. The object blackens, when it is to be 
removed and washed ; it will then take a deposit, but will be 
improved by the next solutiou. 

(3) Immerse in solution of chloride of gold containing 4 grains 
of gold to the pint. 

The object should be first earefnlly attached to the connecting wire 
before the immersions, and after them washed by gentle dipping 
into several waters, not with any great agitation, as the metallic 
coating is a mere non-adherent dnst. By this process there may be 
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made the moflt beantifnl objects to be conceived, by a carefnl seleo* 
tion of the feathered grasses, and some of the finer-leaved flowers ; 
ooating with silver, copper, and gold, and prodaciug different 
colonrs on these metals, which shonld of coarse be io very thin 
films ; they need, however, to be pnt nnder a glass shade cemented 
to its stand so as to be air-tight. Elegant ornaments maj be made 
also from some of the finer Parian and other earthenware covered 
in this manner, and variegated with bright and dnll parts and 
oolonra. Leaves, &o., may also be copied by takbg a flat sheet of 
warmed gnttapeicha, dostiag over with gold bronze, or fine plnm- 
bago, laying oa the leaves, sea-weed, &e., then covering with a 
polished metal plate, and screwing gently np in a press. 

3JI. CoHDcoTHJG SuRVAOK, — The best known process of render- 
ing the sQT&ce of non-metallic objects conducting, is to coat them 
with a film of plnmbaLgo or blocUead. The ordinary article sold 
for honsehold nse cannot be relied on ; it is best obtained of a 
dealer in scientific apparatos, because, thongh they charge a very 
long price as compared with the common article, a little also goes 
a very long way, and much trouble is saved. The gas csj-bon used 
for plates, Ac, if very carefully ground in water, answers perfectly. 
The connecting wire should be carefully adjusted to the mould, by 
imbedding in the plaster, or in other materials, by warming and 
pressing in, and great care must be token to make the plumbago film 
commence in contact with this wire. In large monlds it is desir- 
able to arrange the conductor before moulding, and to solder to it 
(within the space to be occnpied by the mould) a number of fine 
oopper wires, the ends of which are to be placed in contact with 
various parts of the surface of the object, selecting points not likely 
to be defaced, and especially the deepest points of any cavities; 
the points of these wires will form so many starting points and 
junctions with the plumbago ; with medals, &q., it is best to take a 
wire all round the circumference. Wires may be applied during 
the first period of depositing, so as to touch the fini^ed mould od 
its face and form temporary connections which ore to be taken 
away as soon as a complete film baa formed over the whole surface. 
The plumbago is best applied with a camel's-hoir brush, working it 
lightly in, and occasionally breathing lightly on the surfitce if the 
powder does not readily adhere; in some oases, where there ia 
obstinate non-adhesion, the spot may be held for on instant over 
the mouth of a bottle containing spirits of wine. In some cases 
plombi^o is misnitable, as when a hollow vessel much undercut or 
chased is to be copied; in this case the phosphorns solution and 
process described g 329 is beat employed. I have adrised the use 
of powdered graphite in moulding materials, with the object of faci- 
litating this ooating and connection, as it renders the mateidalB 
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partially conducting. In this case (and wherever plnmbt^o has 
tonched accidentally parts not intended to be deposited on, and also 
in medals when only the faoe is intended to be copied and yet there 
is a wire all lound) every part not to be deposited oit sbonld be 
coated with a noa-condncting film ; either resiu or copal Tarnish 
or melted wax will answer in acid solntions, but paraffin or solu- 
tiona of guttapercha or indiarabber should be naed in cyanide 
and other alkaline solutions. Napier givee a protecting Tarnish 
for the latter, which, howeTcr, I have not tried. " Pitch is easily 
t4S'coted alone, but on boiling it in potash a heaTy and dirty sedi- 
ment is left, destitute of any adhesive property ; on putting a 
quantity of this sediment into a pot nearly filled with melted pitch, 
a Tiolent effervescence will take place. Betting free a Tolume of white 
fames haTing a oreosotic smell. After all effervescence has ceased, 
which will not be for a considerable time, and when all the mass seems 
to hBTe been acted upon, the process of making an ezcelleut pro- 
tecting coating is completed — a coating which will not yield in the 
solution, and which is at once both good and cheap, its only &nlt 
being its brittlenesa." This applies rather to metal sur&cea to be 
protected than to parts of non-metallic moulds. 

332. The general laws of the electric circuit studied in 
Glwpter VII. govern the deposit of motals. In the oldar works on 
the subject two terms. Quantity and Intensity, § 240, wctc much 
dwelt on, and the ideas dins set forth still rc^in their ground and 
cause much confusion. It was upon these ideas that the leading 
and most original writer upon the subject, Smee, baaed his laws, and 
in order to derive from these post labours what good they can now 
furnish, and then show how much more advantageons are the 
results of later knowledge, I will now give an abstract of Smee's 
own experiments and the laws he deduced from them. 

When a metallic solution is subjected to voltaic action the metal 
is reduced, but not always in the same state. If we dip a knife 
into a solntiou of copper sulphate, bright copper is deposited ; but 
if we immerse a piece of zinc, the copper is tlirown down in a black 
powdery mass. Again, if zinc is immersed in an ammoniacal soln- 
tiou of copper sulphate, the metal deposited is bright, wlule irou in 
a dilute and acid solution of the sulphate reduces black metaL 
Though these are apparently simple chemical actions, the same 
diversity of deposit is obtained electrically. Thus, if we take a 
saturated solution of copper sulphate, and pass through it a feeble 
current, crystalline copper is deposited ; if we dilute the solution 
with two, three, or four times its bulk of water, the metal is de- 
posited in a flexible condition (which Smee calls " reguliue ") ; on 
dilution to a very groat extent, the metal deposits as a fine black 
powder. Byplaoingina taU vessel, quietly, so thattheydonotmix. 
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«Btroiig8oliition,tIieiiaweaker,uidlaall7 water with tncee of sdd, 
ftfter B little while • perfect gradatioa <i strength is reached, and 
if two copper plates, extendiag throngh all the strata, are coDUected 
to one galvanic cell, the varriug cocditiotis will produce all these 
olftsaes of deposit at the same time on a single electrode — ^black 
powder at top, reguliae metal at the middle, crjstaUine copper at 
the bottom. From this fact the conclnsion is to be drawn that the 
nature of the deposit depends npon the strength of the solation. 
Again, taking a solntion of copper, with some acid in it to make it 
a good condactor, and nsing with it first a very small cell, then 
two or three ordinary cells arranged in series, and then A very 
intense battery, we, with this one solution, ag&in obtain, first a 
crystalline, then a regnline, and finally a black deposit ; showing 
that the amoont of electricity passing also controls the state of 
the deposit. Therefore " we are forced irresistibly to the concln- 
sion that to obtain with certainty any particular metallic deposit, 
we mnst regulate the galvanic power actually passing to the strength 
of the metallic solntion. This is the fundamental principle — the 
very essence, in feet, of " electro-metallurgy." Hence are derived 
these laws : 

I. Black deposit is produced when the cnrront is so strong, as 
compared with the strength of the solation, that hydrogen is set 
&ee at the n^ative plate. 

XL Ciystalline metal is deposited when the current is so weak, 
OS compared with the solntion, that there is no tendency to evolve 
hydrogen. 

Ill, Met«1s are rednced in the regnline state when the current 
so balances the strength of the solntion that it is insnfficient to 
actually set gas free, but prodnces a strong tendency thereto. 
There are also two forms of crystalline deposit — one of a sandy, 
loose character, due to deficiency of the quantity of current in a 
strong solution; the second from a large quantity of current as 
compared with the size of the plate ; thns, by using a large anode 
with a small cathode in a strong solution, lai^e crystals of extreme 
hardness are produced. 

3;;. There can be no doubt that Smee, by setting forth those 
ideas, did mnch towards developing electro-metallurgy ; yet they 
are only very partially true. The experimental bases are imper- 
fectly comprehended, and the laws deduced are incapable of exact 
application. 

Anyone who has mastered the relation of current to force and 
resistance will see, when it is pointed out, that the fundamental 
experiment is fellaoious; for though the same battery and elec- 
trodes are in action, the rate of current will vary at different 
heights, and no certain dedootion can be made, except this one, of 
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anpteme practical uupoTtance — tliat Btratification of the liqnids 
shoold be carefully avoided by frequent etirriag up. An iDStnio- 
tive experiment may be arranged, whicb does really show the re- 
lation of deposit to Btiength of eolation, by preparing six oeUa, 
contoiiuiig — 



. Saturated solution of copper sulphate. 



I part, water 2 parte. 



I part of No. 5. Water, i part. 



3 parts, water contain- 
ing ^gth in bnlk 
of Gulphurio acid 
I part. 



These being arranged in series by means of plates of copper 
I X I inch, coated on one side with paraffin, have the cnirent 
passing onder perfect control and necessarily equal in all. By 
using plates of this size the relations of current to area of sur&ce 
are also studied. 

Iq such an experiment I have fonnd difEerences in the qnalities 
of the copper, but nothing like what occurs in Smee'a experiments. 
The teachings as to strength of solution and its inflneace were 
but small, for I found good deposits in all with great ranges of 
cnrrenta. The teaching as to quality of solution was, however, 
very important, for in all cases the deposit in 'So. ; was by far the 
best — ^bright coloured, silky surface — even in thickness, and tongh 
in texture ; No. 6 came next, and No. 1 was the worst. 

334. The real laws of electro-metallni^ are the ordinary laws 
of uie current known as Ohm's formnlfe ; these have been iJready 
fully examined, and we need now deal only with their special 
application. We have to balance the electromotive force and the 
resistance of the battery against the resistance of the depositing 
cells in proportion to the rate of deposit we require, according to 

E 
the formula s = C, and we must regulate the detititg of the eurrent 

§§ 357, 340 (which we have hitherto had nothing to do with) to the 
size of surface we have to deposit upon, and the quality of metal 
we wish to produce. 

335. Electbouotivb Force should be kept ae low as is con- 
sistent with proper speed of working, because it is expensive ; 
that is, we should use no more cells than are necessary in series. 
Each reaction has an electromotive force suited to it; less will 
either not work or work very slowly; more is waste, because 
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instead of adding cells to force the work, v« ought to ootreot tho 
leBiatances to the natural conditionB of the work. We ehonld only 
add cella when we wiah to produce a more rapid depoBit than the 
natural state of reeiBtanoes allows, and then the qnality of the 
deposit is likely to suffer. 

The electromotive forces of the hatteries nsefiil for electro- 
metalliirgy are, roughly and for average continuous working, in 
volts: 

r. Copper, zinc, in add '3 

2. Platinized silver -5 

3. Daniell i" 

4. Kitrio acid cells i'6 

These give results in BA onits of current or vebers ; and these, 
multiplied by 5 ' 68, give the current in chemicB, and therefore 
express at once the weights of any metal deposited in a given time 
by aid of the equivalents given in Table XIIL, p. 3ia. 

The electromotive forces required for depositing metals are in 
volts about : 

I. Copper '5 to I 

3. Silver i"5 „ 3 

3. GUding 3 „ .5 

That is to say, 1 Smee or Daniell is enongh for coppering, 3 
Smees or i Grove for silvering, and i Smee or copper cell for 
gilding ; providing in all cases power is not wasted by needless 
rraietanoe, bad connections, thin wires, &c. ; but higher forces are 
required to obtain quick deposits. 

336. Bbhistahobs should be balanced so as to be about equal in 
battery and cell. This may be roughly put thus : the auriaoes 
exposed of zinc and negative in battery, of object and dissolving- 
plate or anode in depositing cell, should all have nearly the same 
area (except in gilding, where resistance is needed). The resist- 
ance may be greatly varied in the depositing cell by cbanges in 
size of anode and distance apart. Thns it will be seen in §§ 341— }> 
that in some cases it is very desirable to have some distance 
between the plate and object, which increases resistance. In 
these oases this may often he met by enlarging the size of the 
anode, which diminishes resiBtance. 

It is desirable, however, to use large plates in the battery, , 
because large cells work best ; and then if small objects only are to 
be deposited on upon occasion, if the density of the current is too 
large, owing to the disproportion, external resistance (as a length ■ 
of wire) may be introduced, enough to reduce the current to the 
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proper proportion ; oi if the oonetructioD. of the batter; permits, 
the distance between the plates or that in the cell may be increased 
sufficiently for the purpose ; or a smaller anode may be used, 
though tlus is often disadvantageous. 

337. Dbnbitt of CmtBBHT. — According to Ohm's formnla 
B 

^ = we can calculate, knowing tiie elements, the current pro- 

dnced in any case, Thns taking i Daniell cell as i volt forco, 
and assuming the total resistance as i ohm in a circuit in which 
copper is being deposited, we have i yeber per second, or a current 
equal to 5'6S chemics or grain equivalents per ten honrs ; nnder 
those conditions the galvanometers (described, §§ 179, 180) would 
mark 5 -68; and this, multiplied by 31 ■75,theequival«ntof copper, 
shows that copper is being deposited at the rate of 170 grains per 
ten hours, or 17 per hour. This is the total cnrrent, and it is 
evident ihai the conditions of the deposit, the quality of metal, &c., 
will depend wholly on the extent of surface over which it is spread; 
on a la^e plate it might be a mere film, on a tfire it would be a 
thick coat. This is what is meant by density of current. Now 
there is a relation between density of current and the state of 
saturation of the depositing solution, and they increase together ; 
the more dense our current, the more rapid our deposit (not from 
the solution or total deposit, bnt for a given area), Uie strot^r our 
solution may be, and must be to get good metal. But very strong 
solutions have drawbacks, to be afterwards considered ; and we 
cannot conveniently alter the strength of our solutions continually. 
We must ascertain, then, what range of density of cnrrent suits our 
solations, and then be careful to keep the conditions vrithin that 
range. If the dengity of current be too great, we get a sandy or 
even black powder as a deposit ; if it is too slight, we get a crystal- 
line brittle deposit. Happily, the range is considerable within 
which good results may be obtained. 

As yet tiiis subject has never been philosophically treated ; the - 
facts are known and the matter is loosely described in works on 
the subject ; but no cue has, within my knowledge, attempted to 
deal with it definitely. There is in fact no recognized unit of 
density of current, because few people in practice have definite 
ideas upon the current itself. In order that my readers may 
remedy this, I will fix upon a unit in accordance with the system 
used throughout this work. Our unit of cnrrent is the chemic ; 
call our unit of snrfitce one square inch, then the unit of density of 
current becomes one chemic per square inch. 

338. The object of having a galvanometer in circuit will now bo 
seen, as well as the special advantage of the forms, §g 179, 180. Any 
galvanometer will show if all is going on right, bat these show at 
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a glanoe, not only the total work doing, but in elootro-met&Unrgy 
wUl tell na the quality of metat depoBiting, and enable as to regu- 
late the couditiong to prodnoe the ^ect we desire. 

339. TENiioK. — The ideas attached to this word now replace 
thoae formerly described as dne to "Intensity." We are concerned 
vith them at present chiefly as part of the conditions for main- 
taining the requisite cnrrent. But th^ have also another bearing 
to which little attention has yet been paid. As seen,. §§ 289, 295, 
the plates or electrodes act as condenser-plates, and the molecnles 
in contact with them will necessarily be under different conditiona 
according to Uie tensions, which depend upon the electromotiye 
force of the circuit, the resistsjice between the plates, and the pro- 
portion this bears to the total resistance of the circuit. The 
resulting effect of high tension at the electrodes (that is to say, of 
a great distance or resistance between them overcome by using high 
electromotive force) is a deposit of hard metal ; low tension pro- 
duces a softer metal, and this difference is due to the molecular 
conditions existing at the electrodes themselves ; for all other con- 
ditions, such as ttreagik of current or rate of deposit, and dattity of 
current, or size of the electrodes, may remain the some, while the 
varying hardness of deposit is controlled by the difference of 



340. Arrakokmint of Objkots. — This inclndos the considera- 
tion of several distinct sets of principles, as to each of which it 
is very desirable to obtain clear conceptloas: i. The pomtion 
— horiaontal or Tertical. 2, The relative proportions of object 
and anode. 3. The distance to be maintained. As to each of 
these, I will give experimental illustrations, which I recommend 
the student to follow out, and even those practically well acquainted 
with the subject will find their knowledge become mu<3i more 
definite and exact by carefoUy examining the conditions of such 
systematic experiments. To obtain their full teachings it is essen- 
tial to have in the circuit a galvanometer whose readings are 
definite. 

The solution te be used is that already shown to be best for all 
objects not acted upon by the acid — viz., 3 parts saturated solution 
of snlphate of copper and 1 part of dilute sulphuric acid, i to 10 of 
water by measure. I have tested the range of density of current 
such a solution will allow, and will here give the experiments and 
results, each having been continued for such time as to give the 
same weight of copper per sqnare inch of surface. 

The unit of density is that token g 337 — viz., I chemic of current 
or I equivalent in ten hours (that is, nearly 31 grains of copper), 
upon I square inch of surfoce ; and in the eqwrimente a qnartw 
equivalent was deposited, i. e. 8 grains, giving a thickness equal 
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to stout paper. The experiments were all made with a large 
Daniell'e cell, and the current varied by means of resistances. 
I. ' I unit taking 30 Iioors : excellent coating, 
good tough copper. 



3- '5 » 


r, 5 " 


a beautiful deposit. 


4- I" " 


H 2 


very good. 


5- 3- „ 




sandy at edges. - 


6. V „ 


., 


bad all round the e<^o 



The first four deposits were hardly distiugaishable ; the metal 
was toi^h and tore without cracking. As with all deposited, and 
therefore crystalline, metals, none would bear doubling flat ; but 
after heating red-hot, they could be hammered double, and opened 
without cracking. In 5 and 6 the middles were good enough, but 
the metal round the edges was of a loose, sandy nature. 

It would therefore appear that the rate of depoeit of copper 
should not exceed i^ unite, but that it may be as much less as ia 
desirable without injury to the quality of ^e metaL 

Lai^, and especially flat, surfaces will allow a quicker deposit 
than small objects ; objects having sharp edges or projecting points 
' require slower deposit and special precautions, §§ 341, 345. 

341. Position. — -Place a strip of copper, at least 4 inches long, ■ 
vertically in a vessel with a ooraesponding anode, and pass a small 
current, leaving the apparatus undisturbed for some days. It 
will be found that the anode is dissolved away mostly at the top, 
and if thin, it will be perforated with holes, or even out completely 
through at the sur&ce of the liquid. The cathode, or receiving 
plate, on the contrary, will have a thick coating at the bottom and 
least of all at the top. The edges will be formed of groups of 
nodules, forming a thick edging, and the lower corners will show 
this partioularly, and bulge out somewhat. Besides this, in all 
probability, the whole suriace will be marked by vertical lines, 
mostly commencing in a dot, and forming a sort of prolonged note of 
exclamation (1). Now repeat this experiment in a rather long, narrow 
trough, or in a vessel with a porous division, or even in two glasses 
connected together by a siphon or some thick cotton wick, and use a 
saturated solution of copper sulphate with no acid. In a short time 
the anode will become coated with small crystals of sulphate of 
copper, which will entirely stop the current, and the previously 
noted conditions will be exaggerated at the receiving plate or 
cathode. The explanation is to be found in the actions described, 
§ 306, p. 263 ; at the anode copper is being dissolved and the scdu- 
tion becomes stronger ; the newly-formed salt, being haivy, sinks, 
and leaves acid when present above ; or if the solution is saturated 
it cajmot be disBolvod, and is therefore crystallized where formed. 
Google 
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At tbe catbode copper is remored &om the solution, which, heoOToing 
l^hter, riees along the &c«). Now take a thin glass beaker, con- 
taining water and some light powder, and hold one side cloee to a 
Bonsen's bnmer, and notice tLe conditions of a heating liquid ; a 
constant stream will Boon be generated, rising along the warmest 
side, flowing along the surface, descending along the cool side, and 
flowing along the bottom. This oircnlating stream is dae to the 
diSerent specific gravity of worm and cold water. Exactly the 
same conditions are produced by the same canae in the depositing 
vessel ; we have a stream of lighter acid liquid rising np the cathode, 
flowing along the surface, and impinging on the anodo, which is there 
chiefly acted on ; this increases the weight of the liquid, and forms 
a corresponding stream down the (mode and along the bottom, 
which, reaching first tbe lower part of the cathode, there delivers 
up most of its metal ; in consequence of these two states, the line 
of least electrical resistance becomes a diagonal one, &om the top 
of anode to bottom of cathode, instead of being uniform throi^h 
the liquid and at right angles to the surface. Moat writers 
describe this action as due to simple stratification of the liquid 
owing to diflerencea of density. This is erroneoos, as the liquid 
wotild not stratify ; it is the circulating current of liquid which is 
the cause of the mischief, and the evil becomes greater as the height 
of the objects is greater. This corrent is the canse of the lines 
and spots. The slightest irregularity of snr&ce (and all surfaces 
are, scientifically speaking, rough) deviates this current, and the 
obstmction grows every instant as the metal is deposited. 

Now, take two good-sized plates and arrange them in the solntion 
horizontally, one at the bottom, the other at the top ; oonneot this 
latter to the zinc of the battery for the cathode. In a little while 
the current will be stopped if &om one cell ; if from several, so as 
to force its way, the cathode will be found covered with a loose 
friable deposit, or even a black powder, while the anode will be 
coated with crystals. Clean the plates and replace them, bat make 
the lower one the cathode. Now a good, even deposit will go on ; 
in this position all requirements are sati^Bed, the acid dissolves the 
anode, the product descends and gives up Ite metal te the cathode, 
while the liquid being oniform all over the surface, the electric 
current is evenly distributed. This is the best position, therefore, 
especially for large flat surfaces and deeply-cut medallions, &c., 
bat It is rarely employed because of its inconvenience, which, how- 
ever, is much exaggerated. The impurities of the liquid and of 
the anode are precipitated on the deposited plate and deface it ; 
but this may be avoided by filtering the liquid before depositing, 
and placing above the objects a frame fitting the vessel loosely, and 
covered with muslin or net, upon the surface of which is laid a 
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sheet of filtering or blottmg-paper. Of oonise the leading vires 
mnst be coated with a proteotii^ cement. 

The nsnal position (and for nearly all except fiat objects, the 
necesaarj position) is one of vertical snepension ; in this case the 
point of suspension should be frequently changed, tiie liqoids be 
treqnentl; stirred np, and best of all, the ob'ects kept in constant 
motion, if possible. Heansbave been devised to cause a circulation 
of the liquid, but they have mostly failed, for the very good reason 
that regular circulation of the liquid is, as ab-eady shown, the very 
thing to be most carefally avoided, nnlesa it is directed in a course 
oppraed to that which would be set np natnrallv. If irregularitiee 
are seen to be forming, they should be removed by filing ^, &c., as 
they constantly iuciease; but care mnst be taken to attend to 
instmctiona as to the removal of objects, § 348, or else tiie deposit 
will be apt to form in non-adherent layers. 

343. Bblativh Fsopostions or AiionB and Cathode. — They 
should be nearly equal in ext«nt ; or, the anode should be slightly 
the larger ; if other conditions as to position, distance, &c., be 
attended to, the relative sizes is a matter of little moment as 
regards the actual deposit going on, but if they differ much, the 
composition of the solution will alter, especially if large cnrreate 
are passing. Fig. 63, p. 19;, will assist in the understanding of 
these relations, and t^ao teach how beat to arrange the objects so as 
to equalize as much as possible the lines of resistance, wid there- . 
fore of proportional current, passing from each point of the one 
snrfaoe to points on the other. As a consequence of the modes of 
transmission and action of the current described, § 306, there is not 
in all cases an equal solutiou of anode and deposit on cathode, and 
thus the liquid may be impoverished or enriched in metal according 
88 the anode is too small or too large. This applies more to 
cyanide solutions than to acid ones, because the former are mnch 
more complicated in their chemical ctmstitntion, and are therefore 
much more liable to be modified under the influence of the current. 
But it will occur even in copper salts. 

54J. Tbb Dibtaboe to bb maintainkd. — Place two small plates 
of copper connected to a single cell in a large vessel of copper 
Bolntion, at first about one inch apart, and note the deflection of the 
galvanometer ; now gradually increase the distances and observe 
the steady fail of the deflection. This indicates that the resistance 
to Ae passage of the current increases with the distance between 
the plates. Bend the receiving plate into a Y form, and present 
the edge towards the anode, and it will be fonnd that the deposit 
will be thickest there, gradually thinning away. In the same way, 
if the receiving plate be a circle or square, and the anode be much 
smaller and placed near and opposite the centre, the deposit will 
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be found tMok in ihe middle, and thinning gradually away upon tlie 
flat Borface. The farther the anode ia away, the leea variation will 
there be in the thickness of the depoeit. If now we draw plane of 
these arrongumenta and Btrike lines acroea, we ehall see the leaaon 
is to he found in the principles of liijnid conduction, §233; wher- 
ever these connecting Hues £Fom anode to cathode are shorteBt, 
there will the depoeit be the greatest; the electric onrrent dia- 
tribates itself through every possible path open to it in proportions 
exactly the opposite to those of the resistances each patb oSers. 
To get even deposits therefore npon the cathode, the anode shonld 
be equally distant from aU parts of it. This is easy in flat plates, 
and these may therefore be arranged very close tc^ether ; in cir- 
cular objects the same result is obtained by snironnding tbem 
eitlier with a large cylindrical anode or by suspendii^ strips all 
round them. Whenever objects are irregular in form, and espe- 
cially when the snrface is deeply chased or undercut, it may be 
taken as a sound principle that ihe diBtance apart should be con- 
siderable in order to diminish the difference of the distances of the 
prominent and deep parts from the anode ; in such cases it is 
desirable also that uie action should be slow, in order to allow the 
exhausted liquor to be replaced in the hollows. This is of especial 
importance in coating non-metallic moulds; in fact, it is well in 
these to secure deposit first in the hollows, by presenting into them 
the point of a coated wire, as the only anode at first, for it is by no 
means uncommon, though very vexatious, to find these hollows 
obstinately refusing to take a coating at all when a large pro- 
minent siurface around them has seeded a coatit^, this being so 
much better a conductor than the film of plumbf^. As a rule, 
better and more even deposits are obtained when the distance ia 
cousiderahle than when it is small ; the drawback is that either the 
rate of deposit is diminished, or else, in order to maintain it, 
great battery power is required. These are elements of time 
and cost against distance, but quality of deposit is in ita favour. 

Another advantage of placing the anode and cathode at a con- 
siderable dietance is, that it necessitates large vessels and a good 
body of liqnid, conditions opposed to the setting up of currents, 
and tending, by the greater area of diffusion, to the maintaining a 
more uniform condition iu all parts of tne vessel. This remark 
applies, of course, to amateurs ; in factories the vessels are always 
large, and the anode plates and objects to be deposited upon are 
distributed about, according to the number and form of the objects 
to be operated upon. 

344. In some cases it may be desirable to control and vary the 
rate of action upou different objects immersed in the same solution, 
or to ascertain the exact amoubt of metal deposited upon such 
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objects. Tliis may be easily effected, becanse a number of electric 
currents may be passed throagh tbe same solatiou vithont inter- 
fering with each other ; it may even be efi^ted &om a single 
anode. 

The process is this : instead of using a battery of size suited to 
the total work to be done, a nnmber of small batteries are to be 
employed, each adapted to doing the work required npon one ctrticla 
or Bet of objects. All the positive poles may then be connected to 
one anode, or a nnmber of plates, diatribnted abont the solution, 
but acting as a single anode ; the negative wires are to be attached 
separately to tbe objects npon which each is intended to direct the 
cnirent, which then, by the ordinary means of resistance and 
galvanometers, may be controlled and measured. An extension of 
this principle will be found, § 381, applied to the purpose of con- 
trollmg the state of the solution and the process, in depositing 
alloys. 

345. Deposffiho Appakatus. — ^It is desirable to provide a means 
of connecting and arranging the objects without trusting to mere 
wires, which are also troublesome, and apt to get in contact or to be 
disturbed. When square vessels are used this is easily effected by 
having bars of brass across, with a clamp at one end to grip the 
TCBsel. Fig. 70 shows the inner angle c^ a frame which I have 



found very convenient for tbe arranging of objects. A is a bar of 
bard wood with three mortises out into its end to receive the three 
flat bars of wood i, 2, 3 ; the lower side of i and the upper side of 
3 are faced with strips of stout sheet brass, or copper silvered, and 
these are connected to the binding screw + hj turning the ends 
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up oateide A. The other eaid of the &une ia exactly similar, except 
that the lower Bide of No. 2, and the npper one of 3, are faced or 
conneoted to the — bioding screw; thos at the end shown, a is a 
mebtl-lined opening, having an nnlined opening corresponding to it 
wi the other end of the frame, while the opening b is onlined, and 
its oorreBponding one at the olJier end lined. Metal rods passing 
through these openings are therefore in connection, the upper ones 
with the -\- and the lower ones with the — pole of the battery. 
B is soch a rod, the end flattened ont and formed into a spring, 
which presses npcm the plates and allows the rod to be placed as 
desired by means of the projecting end. The anode plates are 
hung upon the nj^er rods and distrihated as required, and the 
objects are slnng i^ wires &om the lower, or — rods, which are 
conneoted to the zinc of the battery. 

This frame can be placed over any vessel if provided with a 
support, and can be lifted np slightly, and moved about occasion- 
ally, to disturb the liquid, or even may be kept in constant gentle 
motion by mechanical means, if these are available. 

J46. DxpoBiTtKa Solutions. — Before describing the special solti- 
tions for use in each case, it will be well to stndy those general 
principles applicable to all, the comprehension of which will lead 
to intelligent and suooesefol working. A perfect solution would 
be one which contains sufficient metal for rapid working ; will give 
it up freely under the infinence of the current ; will also freely 
attack the anode, but only while conent passes, so as to keep the 
quantity in solution uniform ; and which has no spontaneons actLon 
either upon the metal to be deposited or that on which the deposit 
is to be effected. All these qualities are rarely combined, hut our 
object ia to obtain as many of them as possible. In selecting salts, 
therefore, we have to consider — 

(i) Chemicai Beaetums. — It is detirable that the non-metallic 
radit^ should have very slight power of attacking the metal, or of 
forming with it basic salts; thus, snlphate of copper is preferable 
to nitrate, because sulphuric acid does not act on copper except 
when aided by eitraneons energy, as when the current passes. But 
it is esgetttM that this radical shonld have little or no tendency to 
combine with the metal on which deposit is to take place, because 
this will be sure to prevent adhesion ; tlius it is impossible to 
deposit copper direct upon iron from the sulphate of copper, because 
the sulphuric radical tends to combine with the iron. 

(2) SolubiUty. — This has two bearings — quantity arid rapidity 
of solution ; as a salt may dissolve abundantly and yet slowly ; or 
the liquid may rapidly become saturated, and yet very litUe be 
dissolved. Thus, sulphate of copper dissolves freely enough as to 
quantity, as the solution contains 30 per cent, of the salt, bat it 
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diseolreB slowly, and tLe consequence is that as freA salt forms at 
the anode it is very apt to crystallize there instead of dissolving, so 
that it is necesBary to have sufGcient free water present to prevent 
this. 

Under this head also hoe to be considered the necessity for the 
presence of some &ee solvent besides the salt itself. Thus, in 
copper depositing, free enlphoric acid helps greatly ; and in silver 
depositing, the presenoe of free cyanide of potassium is essential to 
di^olve tiie cyanide of silver as it forms. 

(j) Electric Besigtanee, or Conductivity. — Of two or more solu- 
tions otherwise equally satisfactory, one may be a much better 
conductor than others, and the importance of this is that it requires 
fewer colls in Boiies to work it, and therefore costs so much less. 
It is from this point of view also we must consider chiefly the effect 
of other substances in the solutions besides those taking part in the 
chemical action — viz. the metallic salt and the excess of the 
solvent. As a general rule, such bodies do harm rather than good, 
for which reasons all formnlee should be regarded with distrust 
which load the solutions with chlorides, or sulphates, or carbonatea 
of the alkalies. 

347. CowsBiNG BoiTTTiONS.— (i) For all ordinary pnrposes, 
that is for depositing upon Jwn-melallie ohjeeU, npon et^per, braee, 
German eiher, and lead, the best possible solution is that already 
mentioned : saturated solution of sulphate of copper diluted with 
one-fourth of water containing one-tenth by measure of sulphnrio 
acid. 

(a) Iron, zinc, petoter, and Britannia metal require an alkaline 
solution. The one commonly used is cyanide of copper dissolved 
in cyanide of potasstnm. It may be made by the Imttery process, 
which is also available for silver and gold. A large sheet of the 
metal connected to the -)- pole of a battery is suspended in a 
solution of cyanide of potassium of suitable strength (threerquarteret 
of an ounce to the pint), a small plate is attached to the negative 
pole and suspended in a porous cell in the same solntion, and the 
battery worked nntil deposit forms on this latter. This plan is 
convenient for lazy people, but it leaves free potash in the solution, 
which takes up carbonic acid from the air. The best plan is to 
throw down a neutral solution of sulphate of copper with cyanide 
of potassium as long as a precipitate forms. This should be washed 
several times, and dissolved in cyanide of potassium. 

This solution requires to be kept at a temperature of ioo° to. 
150° Fabr., and to be worked with a battery powerful enough to 
give gas off freely at the cathode or object. About a Groves, 
4 Daniells, or 6 to 8 Smees, in series, will do this, their size being 
regnlated according to that of the object, 
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(3) Wat£i Sotvtion. — Carbonate of potash, 4 oz. ; Bnlphate of 
copper, 2 oz. ; liquid anmionitt, 2 oz, ; cyanide of potassium, 6 oz. ; 
irater, abont i gall. Dissolve the sulphate of copper in boiling 
distilled or rain-water, and, when cold, add the carbonate of 
potasBiniQ and ammonia. The precipitate formed ie rediBSolvcd. 
Now add the cyanide of potassinm until all bine colour diaappears. 

{4) The hegt Solution. — This I have modified from the foregoing, 
chiefly by omitting the carbonate of potash, which ia nnneceaBary. 
Per pint of solution the quantities are about : Sulphate of copper, 
^ oz. ; liquid ammonia, ^ oz.; cyanide of potassium, f oz. Bot 
the simplest directions are : Dissolve ^ oz. of sulphate of copper 
for every pint of water ; add ammonia till all precipitate is redis- 
Bolved, forming a deep blue solution ; then add solution of cyanide 
of potassium till this colour quite disappears; add ammonia and. 
cyanide whenever required to keep the solution in good order. 
When these are deficient, the anode coats itself with a blue powder. 
This solution requires the same battery power as the cyanide one ; 
it mnst be worked also so as to give off gas, but the advantage of it 
is that it works freely when cold. 

As these solutions are expensive to work, they ehonld be used 
only to form a perfect filiri of copper. The work is then to be 
completed in the ordinary acid bath ; bat great care must be taken 
in effecting the change to wash off every particle of solution, and 
to dip the object in acid before putting it in the acid bath, other- 
wise the second deposit will not adhere to the first. If ammonia is 
in excess, copper may not deposit, or, more strictly, it is redisBolved 
at once. If the solution is too rich in copper, the metal may come 
down as a powder : the deposit is in fact a compromise between 
copper and hydrogen, and it is necessary to attain the happy 
mediimi at which good adherent metal is prodnced. 

J48. DEPOBrnNG THE CoppKB. — Copper may be deposited by 
what ia called the dngle-oell process, which is simply arranging 
the object as the negative metal of a Daniell's cell, as to which see 
p. 97. A battery and separate vessel is far the best plan. The cell 
being arranged with the anode connected, and the object being per- 
fectly clean, it should be connected to the zinc of the battery, and 
immersed without exposure to the air, if adherence is required ; if 
a removable deposit is wanted, then the precautions must be taken 
mentioned §321. It is better to use a rather strong batt«ry at first, 
to secure deposit all over the surface ; after a few minutes the object 
should he examined without removal, and a soft brush may be 
passed all over it, especially into hollows, to remove any air 
bubbles. For non-metallic objects, it is often better to insert them 
without a regular anode at first, and to guide the deposit to the ' 
deepest hollows and points most distant from the connection by 
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g near them a wire, or small strip of copper, as the anode, 
till a general coating is aecurod. Objects should not be discon- 
nected, or removed &om the solution ; bnt if a very thick deposit is 
wanted, it will be requisite to remove the object oceasionallj, and 
£le away the nodules and irregularities which always form. In 
all cases of removal, even for a minute, the same precautions must 
be taken as at first immersion to secnre a perfecUy clean surface, 
and the best plan is to dip into v/eak nitric acid, and instantly place 
in the bath. Even a minute's exposure to the air sufScea to form 
a slight brownish film of oiide, which, though scarcely visible, 
effectually destroys the coherence of the deposit. 

349. liEHOViHQ THE) DBPoaiT.—When a sufScient thickness has 
been secured, the object is to be taken out, washed, and allowed to 
dry, and if it is to be removed (as from a model) all excrescences 
and overlapping crystals (which are generally rather brittle) must 
be carefully removed, one edge gently detached, and the coating 
stripped off when its form permits ; in some cases of deposits upon 
metals this is difficult, but will be facilitated by holding the object 
over a flame or placing it on a hot iron, heating the deposit most. 
The deposit has at first an extremely rich colour, which would be a 
most valuable aid to ornamentation if it could be preserved, but 
unfortunately its endoiance is very slight, and a few hours in the 
air destroys its beauty. For most purposes, therefore, when the 
surface is to be preserved, not to be need, it has to be prepared by 
some means of colouring. 

J50. Bbonzing.— Broim. — This is produced by a suboxide of 
copper, obtained of various shades: (1) Moisten with water, to a 
wineglass of which five or six drops of nitric acid are added, allow 
it to dry, and then heat till the desired shade is obtained. (2) Bub 
well in and cover with finely-powdered peroxide of iron (jewellers' 
rouge or red hematite ore); heat till nearly red. (3) Darker 
shades may be obtained by mixing the peroxide of iron with black- 
lead, ground to a fine paste with spirits of wine. The copper is to 
be covered with this paste, and heated till too hot to hold, then 
brushed well. When the colour is obtained, the objects should be 
warmed and polished with a cloth, which contains a little beeswax, 
and all excess of this removed with a clean cloth. A very good 
efifect is also obtained by first bronzing to a deep colour and then 
lightening the projecting parts by touching with a piece of leather 
moistened with ammonia. 

Black may be produced by polishing with plumb^o or by dip- 
jnng in a weak Bolatiou of chloride of platinum : both these require 
lacquering afterwards. A beautiful dark bronzing is produced by 
dipping in a weak solution of sulphide of ammonium or of potas- 
einm, drying and polishing with an oiled or waxed cloth. 
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Green is eatalj prodnced by patting a little chloride of lime in a 
fl&ucer, hanging the object over it, and cohering with a shade till 
the desired effect is obtained. 

Verd Antique, for bnste, &c.— Sol-am moniao, 8 parts; een-solt, 
8 parts ; liquid ammonia, i ; parts ; white vinegar, ;oo parte. Bmsh 
OTer with this solution several times and allow to dry slowly. 
There are many other proceesee, bat the foregoing are the most 
flimple and effectire. 

351. Ctabidb of Potassium.— The commercial article varies so 
greatly in quality, that it is almost oseless to give quantities for 
use. There are two sorts, the white which is commonly used, and 
the black which is the best. The white cannot contain more than 
75 to 80 per cent, of the pure cyanide, the rest being cyanate of 
potash necessarily produced in the reaction ; bnt, according to the 
imparities of the materials used, and the care taken in making, it 
may contain as little as 50 per cent. Indeed, I have purchased 
cyanide containing only ;o per cent, from some of the first houses. 
It is so easily prepared that it is better to do bo than to buy it It 
is prepared from ferrocyanide of pota^nm .{yellow pruBsiate of 
potash) and carbonate of potash, the latter of which is the common 
source of impurities, of which sulphate of potash is the most im- 
portant, as it is not only useless, but destroys also its equivalent of 
the cyanide first produced. The ferrocyanide is to be crushed and 
dried very thoroughly upon a heated iron plate till the wat«r of 
crystallization is driven off and a perfectly white powder produced, 
of nhioh eight parts are to be tt^en by weight to three parts of 
carbonate of potash similarly dried. These proportions give one 
equivalent of cyanate of potash to five of cyanide, and form the 
white product. By adding ij part of finely-powdered charcoal the 
whole is converted into cyanide, and the product is black throngh 
a remaining excess of carbon. An iron crucible or pot, careAilly 
freed from any rust, is heated to a low red, and the materials 
(very thoroughly mixed and still warm) are inserted by degrees 
and brought to perfect fusion, in which they should be kept for 
twenty minutes, stirring occasionally but kept covered at other 
times ; the stirring is effected with an iron rod, which ia to be ex- 
amined ; the coating it brings away is at first brownish, at lut 
becoming a clear porcelain white, when the operation is complete. 
This gradation of colour cannot be observed when charcoal is 
used, but the diminution in the gas given off by the fused liquid, 
which should be kept at a just visible red, will indicate the com- 
pletion of the reaction. The pot should then be removed, allowed 
to stand a minute or two for the iron to settle, and the dear liquid 
poured off upon an iron slab, broken up and bottled tightly while 
warm, as it is deliquescent and deteriorates by absorbing oarbonie 
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acid fimm the air. The residnaiy iron and cyanide ahonlcl be 
scraped out while hot and placed in water, and the aolntion filtered 
off for immediate uee in precipitations, &c. N.B. — It is one of the 
deadliest of poisons. It will not keep in solation. 

35 a, Tbst poe fkek Ctanidb. — It is very convenient to have the 
means of ascertaining at any time the exact quantity of free cyanide 
in any solntion, and the percentage of the real substance in any 
sample, I have, therefore, devised a system based upon the ordi- 
nary decimal measures obtainable anywhere, and upon the basis of 
one ooace of cyanide per gallon of solution; &om one to two ounc^ 
being the proper working strength. One ounce per gallon is equal 
to 62 '2x6 grains in 10,000; the equivalent of cyanide of potassium 
is 65, and it takes two of these to precipitate and redissolve cyanide 
of silver from the nitrate of silver, the equivalent of which is 170. 
The test solntion, therefore, is prepared from pure nitrate of silver, 
40- 18 grains dissolved in a 10,000-grain flask of distilled water ; 
4*02 grammes in a litre make the same solntion, which is equiva- 
lent, bulk for bulk, to a solution of one ounce of cyanide in a ^llon, 
and nwy be used with any meaaoie whatever, properly divided. I 
prefer to take looo grains of it tmA make it up to 10,000 again ; to 
take 100 grains of the solution to be tested, by means of a gra- 
duated pipette^ and then add this weaker solution to it from an 
ordinary alkalimeter. As soon aa the precipitate ceases to redis- 
solve on shaking, the test is complete. A slight cloudiness in the 
liquid marks this point 

To teat a sample of cyanide dissolve 62^ grains in the 10,000- 
grain flask and treat this in the same way, l^us, if a sample is so 
treated, 100 grains placed in a small fla^ or bottle, 1000 grains of 
the test pot in an alkalimeter and dropped into the flask as long as 
the precipitate disappears, and upon adding ^30 grains in this way 
a permanent faint cloudiness is produced, the sample contains 52 
per cent, of real cyanide. If the original test solution is preferred, 
1000 grains of that to be tested must be used, and the result is the 

35^, Test jor Silver and Gold in Solution. — This can be 
ascertained by the quantity of cyanide necoesaiy to redisaolve a 
precipitate ; bnt as cyanide doe« not keep in solution the test must 
be prepared when required. Make a solution, and test its value as 
pure cyanide as jnst described. Take a measure of the solution to 
be tested, and tluvv down the metals with sulphuric acid, washing 
the pretapitate till (dl acid is removed ; add the cyanide solution 
from a graduated vessel, stirring, till all is redissolved. Calculate 
the quantity used as grains of pure cyanide, and every 65 grains 
indicate 108 of silver or 197 of gold, but not correctly in old solu- 
tions owing to the other metals present. A known measure of the 
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cyanide Bolntion in ezcesB of what is neetled to dissolve tbe pre- 
cipitate may be used, and the ezooHa meaanred by the proceee for 
free oyanide and dedncted from the measnie used ; it is more easy 
to hit the exact quantity by this means, 

354. 81LTXB 80LDTIOK. — There sxe many diSbrent formnlee given 
in various books, and many have been patented, but as there is 
only one which is really satisfactory, I shall give only a few words 
to the others. Some recommend die use of ferrocyanide of potas- 
sium instead of the cyanide as a solvent ; it is no economy, and the 
eolation renders the silver very liable to strip. Hyposnlphite of 
flilver in hyposulphite of soda quickly spoils by the action of light. 
Chloride at silver in chloride of sodium deposits a chalk-libe coat- 
ing nsefiil for some purposes ; it answers well for clock and other 
dials, and may be applied by simply rubbing on and well washing, 
just as well as with a battery for this pnrpOEe ; it has no advantage 
as a solution for uae in the battery process. All the processes 
which involve the dissolving of oxide, carbonate, or chloride of 
silver are bad ; they waste materials and load the solution with 
salts of potassium mnch better absent. Cyanide of silver dissolved 
in cyanide of potassiun is the only solution which can be recom- 
mended. It may be and is conmionly prepared by making a solution 
of cyanide of potassinm of the desired strength (^ oz. to the pint), 
hanging in it sheets of silver connected to the positive pole of a 
battery, and inserting a porous cell, containing the eame solution 
and a copper or iron plate connected to the negative pole. If cur- 
rent is paesed until a deposit forms on this latter plate, the solution 
will be of proper working strength. The only advantage of this 
process is the saving of a little trouble, but it leaves in the solution 
an equivalent of caustic potash, which absorbs carbonic acid and so 
loads the solation with an unnecessary salt which does at least no 
good. ' The best way is to prepare the solution chomicaUy. 

Silver Niirate is readily prepared by dissolving in nitric acid ; 
the latter varies so in strength that it is useless to give quantities; 
the solution is aided by moderate warmth. Commercial silver witli 
copper present answers perfectly, and it is not necessary to crystal- 
lize if t^e excess of acid is oareMly neutralized with carbonate of 
soda ; it is beat, however, to buy crystallized nitrate of silver, 
which can be bought for little more than the value of the silver it 
contains, as it is a by-product in several large operations. 

Silver Oyaatde. — A weak solution of silver nitrate is prepared, 
and solution of oyanide of potassium very carefully added as long 
as a white precipitate forms. It is even better to pass hydrocyanic 
acid into the solution, but as this (pruseic acid) is so deadly a gas, 
the greatest care is necessary, and the operation ought to be efE^ted 
in the open air. This process, which is the same as is described 
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(S 365) for leooTering spoilt solntions, throws domi the cyanide 
of silVer without any risk of wasting ^ver. When all the silver 
is precipitated, the solntion should be vigoronsly stirred or shaken, 
and allowed to settle, the liquid poured oS, and the precipitate 
wBAhed, and solntion «^ cyanide of potassium added, and stirred up 
till it is dissolved ; it is then diluted to the required strength, and 
the proper quantity of free cyanide added. The precipitate should 
nerer be dried, as this alters its properties, and it mil no longer 
make a good solution. After solution it may be crystallized as the 
double cyanide of silver and potassiom, if desired ; this makes a 
good solution at any time. 

Strength of Solution. — ^About 2 02. or 3 oz, of diver to the gallou 
is a good workLQg strength. As the ounce of silver is 4S0 grains, 
and that of nitrate 43 5^, 164 grains of crystallized nitrate of silver 
to the pint will give a solution equal to 2 oz. of silver per gallon. 
Strong solution will work more quickly than weaker ones if ample 
battery power is nsed, but they require much more care in workmg 
to get a good result. The free cyanide should he equal to about 
half the weight of silver in solntion. With less, the solution con- 
ducts badly; with more, it is apt to dissolve off silver &om both 
anode and objects. 

355. 81LVBB DxFOBiTiNG.—An experiment devised for lecture 
purposes some years 1^0, exhibits in so striking a manner the 
fundamental principles of electro-deposition that I cannot do better 
than describe it, and invite readers to repeat it for their own 
instruction. T^e a clear glass vessel of some width, and cut a 
strip of wood to go across the top ; prepare three narrow strips of 
copper, as long as the vessel is deep, and fit wires to them ; fix one 
in the middle of the bar of wood, and the others (whose wires are to 
be long enough to reach to a battery, and allow lie bar to be moved 
about) one on each side, as &i apart as the vessel allows, all three 
being in one plane, but not touching ; fill the vessel with a good 
silver solntion ; connect the outer plates to a strong battery — one 
Grove or bichromate, or four Smees will do — and then steadily 
lower the plates in, watching them vrith a strong light upon them. 
One remains unaffected, the middle one takes a bloish tint, t}ie third 
becomes, as by a flash, a dead white. 

The middle one acts chemically on the solution, is partty 
dissolved itself, and precipitates on its sur&ce a film of silver, 
through which the copper is visible, giving the peculiar colour; 
no length of time will greatly thicken this deposit ; but if, after a 
time, it is connected to the battery and regularly coated, in all 
likelihood the 'deposit will blister or strip onder the bnmisher. 
The plate connected to the zinc of the battery receives a true 
electric deposit, which under good oonditionB is so rapid as to pro- 
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dnce at onoe the dead white or " mat " silver. The plate connected 
to the positire pole has, by the electric teuBion generated, been 
changed in its electro-polai relation to the liqtiid, the silyer 
Bides of the molecules are tnnied from it, and the action of the 
cyanogen radicab is eralted ; it, therefore, dissolves more rapidly 
than under chemical affinity alone, and it can no longer precipitate 
the silver ; or, at least, if any such chemical deposit does still occiu 
(which can neither be proved nor disproved), the silver so thrown 
down chemically is instantly redisBolved electrically. 

It is evident, then, that objects to be coated shoijd be coimected 
to the battery before immersion. 

356. Now take a strip of copper and one of silver, connect them 
to a delicate galvanometer, and plnnge them into the solution ; it 
will be foond that a considerable current is generated ; this teaches 
ns that we should never commence the deposit in a vessel in which 
objecta already coated are at work, because any combination will 
generate its own current, quite regardless of all other corrents 
passing in the same vessel, and thns a onrreut will pass between 
the new object and those already coated, notwithstanduig that both 
are alike connected to the some pole of a separate battery. If one 
bath is employed, a sepuvte battery should be used, both + poles 
connected to the same anode if we please, but the new object con- 
nected by itself to the zinc of one battery, until coated, vibsn it may 
be transferred to the other connections. 

357. The proper plan is to have one laige bath, in which nothing 
shall be inserted but articles already silvered ; by this means it is 
kpt from being contaminated with the base metals. Other smaller 
quantities of solution should bo kept for giving the first coat, anil 
made suitable for the different metals, for a good deposit cannot be 
obtained upon Britannia metal and the other pewt^ irom a boIh' 
tion in which copper has been plated ; they also require much more 
&ee cyanide of potassium than copper, brass, or German silver do ; 
all these may be coated in the same bath, bnt not together. 

158. The first deposit, especially with the baser metals, requires 
to oe effected nnder greater tension than ordinary working, bnt not 
with toQ lai^ a current — that is, too quickly. The way to effect this 
is to employ a powerful battery of small cells, and to use only a 
small anode, so as to secure high tension at thej plates by means 
of the high electro-motive force of the battery, and considerable re- 
sistance in the depositing cell, on the principles described, § 339. 
The tension must not be soch as to give off gas. 

3J9. In any case, after the first deposit is perfected, the object 
ought to be removed, washed, and well scratch-brushed, to see that 
the deposit is perfectly adherent, as it is more pleasant to strip it and 
start o&esh then (if necessary) than after the whole oporation is 
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anpposed to be completed. When & thick coat is to be put on, and 
eepecially if there are ornamental edges and pointa, it is well to 
ermine now and then, and if any nodules or ronghnessee are 
forming, to file or work them of^ perfectly cleaning the article 
before replacing. Objects should oo no account be touched with 
the dry hand, but kept under water containing a little soda or 
potash, or cyanide of potassium, and handled only with perfectly 
clean hands. 

360. Another interesting experiment will illustrate the precau- 
tions necessary to observe with objects, and also that peculiar state of 
the liquid which is called polarization, and which is the primary 
condition of electric transmission. Suspend two plates, connected 
with a battery, as fer apart as the vessel allows, or, say 6 inches or 
8 inches ; in the centre of two plates of copper, an inch or so 
square, punch holes, and rivet ihem firmly on the ends of a stent 
wire. Now suspend this arrangement in the liquid between the 
plates, but not touching either, and haTing no metallic connection 
with ihe battery, but isolated in the liqnid. After a little time it 
will be found that the end &ciug the anode is well coated with 
deposited metal, while the other end has evidently been dissolved ; 
the intermediate wire will share these two conditions up to the 
middle, but the principal action will be on the ends. The system 
has been, in fact, polarized in the same manner as cylinders are, in 
static electricity, when approached to a conductor, and the action is 
distributed in exactly the same way as a static charge would have 
been, in the opposite ratio to the resistance between each particle 
and the conductor. This shows that objects should never be left 
in the solution when not being deposited on ; if an object acci- 
dentally falls &om its wire, it should be at once removed and 
rearranged, for, if left, this efEcct will be produced upon it. 

The effect is not well observed in a silver solution, owing to the 
chemical action of the copper itself, and it requires a strong cnr- 
rent ; in a copper solution the action is strikingly visible after 
a few minutes. The explanation of this action will be found 

§ 233. P- 193- 

i6i. Anodes. — These should be sheets of pure silver, around the 
tank; or in small vessels strips of various sizes may be used, 
BO as to be distributed about the objects as required. They should 
not be attached to copper wire, which is acted upon, thon^ it ia 
greatly protected by a thick coat of solder over it ; they should be 
soldered to stout iron wire, or to strips of lead, neither of whicB 
does the solution act on, and these abould have strips of copper, 
well silvered or gilt at their upper parts, for slinging upon the 
connections to the battery. 

If the anodes become coated with a greyish coating, the solution 
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wsnta mora ajuoAo. When common sUrer is need, the anodes in 
this oaaa tnm red or purple, owing to cyanides of oopper, &c., 
fiKinii^ ; but pure silver should be used, so as not to keep adding 
oopper to Qie solntion. 

162. WoBxiNB THK SoLunoH, — A new solution does not work so 
well &B one in Gonetant use. The carbonic acid of the air acts upon 
&o cyanide of potaBsium, which therefore requires to be occasion- 
ally added ; the need for this is indicated when the action becomes 
sluggish, or the anodes and objects become discoloured. If the 
objects alone are dark and dirty in appearance, instead of a clear 
ohalk white, or rich cream colour, the cnrrent is too strong, and the 
anodes should be reduced in size, or placed farther away from the 
particular object, or, if the &alt is general, the battery power may 
be reduced. Experience alone can teach all these details. The 
temperature should be the average one of 60° to 70° Fohr. ; when it 
18 colder, the soIntionB do not work so well, and, if hotter, leas 
battery power will be required. 

After a time, a precipitate usnally forms, as a greyish-white 
flocculent powder, which is easily stirred up, and apt to settle on 
the articles, the solution should therefore be occasionally filtered. 
The precipitate is mainly impurity, but in some cases it may 
contain silver, so that it is as well to collect it, and when worth 
while, bum it in a cmoible, with a little nitrate of potash added. 

363. Bbight Drposit. — Silver feom the solution d^cribed is do- 
posited of a beantifnl dead white or " mat," but it may be deposited 
with a brilliant surface, as if bnmished, by adding bisulphide of 
carbon to the solution. About an ounce of this is shaken up in a 
bottle with a pint of strong solution of cyanide of silver, and plenty 
of free cyanide. This is added occasioiially as required, little by 
little, to the bath. It should not be used on the small scale, as it 
is offensive and unwholesome ; excepting when in regular use, it is 
also apt to spoil the solution. 

364. FiNiSHiHO THE WoBE. — On romoval, the object should first 
be dipped in water containing &ee cyanide, then rinsed in boiling 
water, allowed to dry, and placed in sawdust (box or nahogaoy, not 
pine). All parts intended to be bright should then be scratch- 
brushed, either by the lathe or by small hand-brushes ; hard hair 
bmshes with fine sand or Bath brick may be used. After this, the 
Borfaoe shoold be polished with tripoli or rotteu'-stone, and whiting 
and rouge, and then burnished with brightly polished steel {or 
agate bumiahers, which are made of various shapes to suit different 
work; the object should be kept wet with soap-suds while burnish- 
ing, or some use stale ale. This is an operation requiring much 
practice to do it well, and it is in fact a special business. Care 
should be taken to make the strokes of the burnisher always in the 
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Bame direction, or only eligbdy deviatiiig from it where markings 
require bnmiahing down ; the strokea should never bo crossed. 

365. Spoilt Solutions. — From yarious canses, and chiefly from 
tlie gradual accumulation of the aalte of potash, reanltiug from the 
action of the air upon the free cyanide, the solutions in time 
become bad ; they do not 'deposit freely metal of good colonr, or 
the deposit tends to etrip onder the bomisher. It then becomes 
necessary to recoTCr the metal and make firesh solntion. Two pro- 
oesBOB are commonly recommended : ( i ) To add acid until all the 
metal is thrown down, and then melt the precipitate after drying ; 
this process is a dangerous one and must be effected in the open 
air, as poisonous gases, chiefly pmssic acid, are given off. The 
residue mnst also be fused by degrees, as the cyanide of silver does 
not fuse qnietly ; it is better to rednce it with zinc and a little 
hydrochloric acid — this also in the open air. (2) Evaporate the 
solntion to dryne^ and fuse till the silver is reduced, and wash off 
the cyanide of potassinm, which generally carries some of the silver 
with it. 

The plan I recommend has the advantf^ of economy of mate* 
rials, and freedom &om danger or nuisance. Place the solution in 
a large flask, fitted with a safety-fannel and delivery-tube, and 
connect to this by an indiarubber pipe a wide glass tube, which 
place in another vessel, so that its end dips half an inch or so 
under a solution of nitrate of silver. Now add sulphuric acid 
gradually by the safety-funnel, allowing the effervescence to sub- 
side, and shaking the flask occasionally ; continue adding acid as 
long as it produces any firesh precipitate. Then, by means of a 
sand bath, heat the flask and keep the solution boiling as long as a 
precipitate continues to form in die other vessel. This precipitate 
IS pure cyanide of silver, and only needs dissolving in cyanide of 
potassium to form the fresh solution. The precipitate in the flask 
is also cyanide of silver, but not pure, though sufficiently so for use 
in most cases ; if it is preferred it can be reduced by zinc and 
hydrochloric acid, or dried and fused. This process saves the 
cyanide of potassium otherwise required to precipitate the silver. 

366. The same process is really the best in preparing an original 
solution, placing, that is, a solution of cyanide of potassium in the 
flask and distilling over the hydrocyanic acid into the nitrate of 
silver. We thus avoid any risk of wasting silTer, and we get a pure 
[ffodnot, for the gas will not precipitate copper or gold in an acid 
solution. The nitric acid of the silver salt is also saved, and will 
dissolve a fresh lot of silver, nor is it neocBsary to crystallize the 
nitrate, as the free acid is not injurious. If it is not desired to 
precipitate silver, cyanide of potassium may be obtained by substi- 
tuting caustic potash in the receiver for the silver aalt, but in this 
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case the tabe sh<yald not be connected till just before the contents 
of the flask begin to boil, in order to allow the carbonic acid to be 
given off; a little prussio acid gas comee off too, and therefore the 
wd of the tube should be led to a chimney, bat verj little goes 
over till the liquid boils. 

367. Gilding Solotiobt. — There are many formulee given for diB- 
somng chloride, oxide, or fnlminate of gold in cyanide of potossinm. 
These are all troublesome, expensive, and the last dangerous. The 
best plan is to dissolve cyanide of gold in cyaoide of potassinm. 
The atreugth should be &om half to one ounce of gold per gallon, 
and it may be prepared by the battery process, exactly as described 
for silver. It is, however, better to prepare the cyanide chemically. 
Pore fine gold should be used, but it may be obtained from any 
alloy by dissolving in aqoa regia (i part nitric, and ^ of hydro- 
chloric acid), pouring off the clear liquid and washings of any 
lesidne, evaporating off &ee acid, and precipitating the gold by 
protosulphate of iron (green vitriol or copperas), of which about 
five times the weight of the gold should be used. The gold is found 
(after standing an hour or two) perfectly pore as a dark brown 
powder. This, or " fine " sheet gold is to be dissolved ia aqna 
legia, as before, and &ee acid driven 0% care being taken that no 
yellow powder is formed ; if it is, by too much heat, a drop or two 
of acid most be added to redissolve it. This solution should be 
largely diluted and cyanide of potassium added, as long as any 
precipitate is formed. This is the cyanide, a lemon yellow powder, 
which only requires to be separated from the solution, washed, and 
dissolved in cyanide of potassium. These are the usual instmctions, 
but I advise a little further proceeding to avoid any risk of loss 
of gold by not hitting Ibe exact point of precipitation. Add a trifie 
too much cyanide of potassium, so as to ensure complete conversion 
and redisBolviug of a little. Filter off the cyanide formed, and to 
the solution add sulphuric acid till it gives an acid reaction, and 
filter off after standing for some hours. Even then there is risk of 
the alkaline salts dissolving some little gold, but this may be 
recovered by setting the solution aside with some scraps of zinc, 
which will throw down any gold so dissolved. 

In disBoiviiLg common gold there is often found a residue which 
obstinately resists solution, yet retaios the form and workmanship 
of the original article : this is the silver of tbe alloy formed into a 
dense chloride. 

The chloride of gold solution may, if preferred, be neutralized 
with caustic soda or potash (not carbonate) until it is decidedly 
alkaline, and then either cyanide of potassium may be added, ot 
hydiocyanic acid distilled into it to throw down the cyanide of gold. 
This solation is, however, very apt to retain gold in eolation with 
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the residuary alkalme salts. If ammonm is used instead of the 
fixed alkaliee, a precipitate is formed which is falmiiiate of gold, and . 
moat not be dried, as it bocomea violently explosive. 

368. 8pomr SoLnnoNB. — These should be treated as described 
for silver, but the resulting cyanide, which will probably contain 
other metals, should be dried, mixed with its weight of litkai^e, 
and fosed. The residue, after washing, is placed in excess of nitric 
iicid, which will dissolve oat tlie lead, &c., and leave the gold pure. 

369. GiLDHTQ. — This process is much more rapid than any »rf the 
others, as a few minutes is nsnolly enough to givo a good deposit ; 
this is due to the high equivalent 197, so that the same current 
deposits nearly twice as much as it would of silver, and more than 
six times as msch as it wonld of copper. Giold has also very groat 
covering properties, and a mnch Uiinner film gives a better appear- 
ance and protection than a similar thickness of «ther metals would. 
The usual diffionlty indeed is that the work is done too fast. Small 
battery power is needed, a single Smee having sufficient force. 
The solution is to be heated in a glass or enamelled iron vessel to 
ijo° — 180° Fahr. The warmer the solution the darker the colour 
01 the gold, which is to be controlled by regulating the battery 
power and the heat. The anode should have the same surface ae 
the object, and should be fine gold ; the object should be kept in 
constant motion, and if the colour is too dark, its distance &om the 
anode increased. 

When the solution is to be set aside, water should be added to 
replace that evaporated off by the heat ; at the same time free 
cyanide, if needed, should be added ; there should be enough to 
keep the anode clean and maintain the quantity of gold in solution, 
bat too mnch gives a bad colour to the gold, and redissolves the 
metal while it is depositing. 

Small objects may be gilt together in numbers by pntting into an 
earthenware bosket with a connecting wire to some of them, and 
shaking about in the solution, so as to expose iresh surfaces con- 
tinually. 

370. Finishing is effected precisely as described for silver. 
CWoarinj. — If the colour is bad it may be made rich by the 

following mixture : One part each of alum, sulphate of zinc, and 
common salt, and two parts of saltpetre are mixed in water into 
ft paste, which is to be smeared over the articles, which are then 
placed on on iron plate upon a clear fire, heated, and thrown into 
cold water. A bod colour in silver may be remedied with borax 
applied and similarly treated till it fuses. Articles united with 
soft solder cannot be treated by these processes. 

371. PL4TING Iboh and Stbbl, — -For some reason, difficult to 
m^erstond, it is impossible to obtain an adherent coating of either 
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nlver or gold directly upon iron or steel, no ntatter how perfectly 
the snr&ce nuy have been cleaned. It io, therefore^ caatomary to 
deposit first a mere film of copper from an alkaUne eolation, as 
previoosly described. A film of mercniy would have advantagefl 
orer that of copper, for the same reasons that snoh a film is 
frequently used npon even copper or brass to secure a more perfect 
nniou between the metals. Bnt iron resists the onion with mercory 
as well SB with silver and gold, and it is very difficult to coat its 
SDTface with a perfectly even homogeneoos amalgam, though many 
processes have been suggested and said to be snccessfoL That which 
I have found best consists of a miitnre in equivalent pioportions 
of the nitrates of silver and mercury, in qnantitieB represented by 
about 50 gr. of each metal to a pint of solntion. The motols are to 
be separately dissolved in just sufficient nitric acid, the mercury in 
dilute and cold acid, and then mixed, sufficient free nitric acid being 
kept in the solution to feebly act upon iron when plunged in it. 
The metal leaves this solntion covered with a dark powder, which, 
on lightly brushing nnder water, gives place to a bright sur&ce. 
The object shonld be at once placed in the silvering solution, and, 
when a coating is seen to be formed, it should be removed, washed, 
dried, and heated to about 400° F^ir. : its snrfitce should be then 
Bcratch-bmshed, and the article replaced in the silverii^ solntion 
till a sufficient coating has been deposited. Iron and steel may 
also be amalgamated by rubbing wiUi sodium amalgam after well 
cleaning, and may then be plated in the same way as other metals. 

372. NiosEL Fhi-nsQ. — This process has come into much use in 
the last few years, and, unless arrested by the great advance in the 
price of nickel which it has caused, it bids fwr to be very lai^ly 
en^loyed for many articles in common use. There is, however, 
much misconception as to the purpose and advantages of a coat of 
nickel. It takes a very brilliant polish of a bluish tint, and 
the hardness of the metal enables it to retain that polish much 
longer than silver does ; then, unlike silver, it is not affected by 
sulphuretted hydrogen, and therefore does not blacken with the 
gases given off from bnming coal or gas ; it is, therefore, admirably 
adapted for such purposes as shop-fittings, and particularly scales 
and weights, which would merely require to be washed or wiped in 
order to keep them clean ; and for window-frames and door-plates, 
which would long retain their beauty with little labour. But it is 
often stated that nickel reeiBts adds, and this is not the case, for all 
the ordinary acids dissolve it freely ; it is, therefore, not suited for 
instruments to be used in chemical laboratories, or where acid fames 
prevail ; nor is it adapted for lining to vessels nsed for cookery^ as 
silver ia. 

373. Nickel Sdution. — Nickel may be deposited from almost any 
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of its Bolationfi, but the atatement conunonl; made in the bookg 
that it is very easily deposited, is a Teiy long way &om the truth. 
The most ocmTeuient and manageable solations are those in which 
a doable salt of the metal and of an alkali is present, sacb as the 
double Bnlpbate or chloride of nickel and ammonium, potaseinm, 
or sodium, or even magaeBiom. Cyanide of nickel dissolved in 
cyanide of potaesium will also work well, and probably deposit 
more quickly than the others, but is, of conrse, more e^ensive, and 
has no advantages to compensate, and I shall speak only of the 
double sulphate of nickel and ammonia. Crude nickel is obtained 
in small, irregular &agmButs as reduced by the common process, 
and this dissolves fre^y in dilute stdphnric aoid, and crystallizes 
out as sulphate NiSOj -}• jHjO 155 + 126 = 381, green rhombic 
prisma containing 7 atoms of water. Sulphate of ammonia 
(NH^)^ Q0^ = 132- has the property of replacing one of these 
atoms of water and forming the double crystal NiSO^ (NHJ, 
SO4 + 6H2O = 395, a saturated solution of which, with a little 
water added to dinunish the tendency to crystallize, is the solntion 
to be employed. It is, of course, not necessary to crystallize the 
double salt at all, as the solution can be at once formed by dis- 
solving the two sulphates in the proportions given. 

A fair depositing solution may also be made by passing a strong 
current from a nickel anode into a solution of ammonium chloride 
(sol ammoniac) until the metal begins to deposit upon a plate 
within a porous cell, in the same manner as is described for other 
Bolutions. 

37,^. Depositino NiCKBL. — ^The real difficulty lies, not in the 
selection of a solution, but in the management of the operation, for 
niokel is different from any of the ordinary metals hitherto described, 
in that its deposit is always accompanied by a considerable evolution 
of hydrogen gas ; this is, of course, pure wast« of power, and the 
object to be aimed at is to get as little gas and as mnch niokel as 
possible. Another consequence is, that the deposit is apt to contain 
gas, and therefore to be porous or flaky, in which oase the coating 
will be apt (as soon as it reaches a moderate thickness) to split and 
curl up, and separate in brilliant films. To prevent this, the 
solution should be strong, and the battery power carefully adjusted 
to the work doing. A powerful battery is required at first stating, 
anch as two or t&ee Bunsens in series, but as soon as a complete 
coating is obtained, economy and good working both require leas 
force to be exerted ; for the main deposit a single Smee ceU is suffi- 
cient, but its size mnst correspond to that of the objects to be coated, 
and the resistance of the depositing cell must be controlled by 
means of ample anode surface, fully as large as the objects. The 
solution must be kept neutral or slightly alkaline by addition of 
D,„„.,GiX)gle 



808 ELnn^ciTT. 

ammoma when neceeaary ; the tendency of all Ainmoni&oal salts is 
to beoome add by losing ammonia, and any free acid thus produced 
prevents metal from depositing, or redissolTeci it in the act of 
depositing, giving off hydrogon in its place. 

The great difficulty in f£e way of nickel plating in the small 
way by unatenre, to whom it woald be very DBcful, is that it is 
almost impoBsiblo to obtatn the necessary anode : it is sometimes 
stated that a platinum anode will answer ; bat this is not the case, 
as that means complete decomposition of the solntion and the 
Betting fr<ee of an equivalent of acid, besides vhicJi, it would require 
the constant renewal of the solution. 

Bnlphate of nickel may be used in a single cell process eiactly 
as in the case of copper, bat it is an exceedingly wasteful plan, as 
the nickel salt passes throagh the porous cell, and is rednced upon 
the zino plate, jast as copper is. 

The sarfoce of the nickel deposit, when good, presents a Tery 
pecnliar appearance ; it is not bright — a bright deposit will asaally 
ped off — but of a dull yellowish colour ; after removal and washing 
it has to be worked up to brightness by the nsual proceBsee <^ 
polishing. 

The following particulars of apparatus on the factory scale may 
prare useful: 

The depotiling ceU contains about 70 gallons of liquid, in which 
the double solphate is dissolved at the rate of three-quarters of a 
pound per gallon : it is a wooden tank, lined with aaphaltum cement, 
5 feet 6 inches long, 3 feet wide, and 14 inches deep. 

The haUery is a cell containing about 10 gallons of liquid, which 
is a very dilute sulphuric acid (20 ounces to the charge is named), 
fitted with six amalgamated zino plates 9 x 10 inches, with six 
equal sized carbon plates arranged alternately between the zinoa. 

About 6 inches square of anode surface is used per gallon of 
solution, and the anode surface is always kept in excess of that to 
he plated. In some cases batteries are used consisting of two cells 
in series, similar to that described, the plates in each cell being 
connected so as to act as one plate of each kind. 

375. Iron Dxposfcino. — Iron has Tery great chemical resem- 
blances to nickel, and most of the remarks made upon the lattex 
metal apply also to iron. The solutions are corresponding ones, 
in which iron takes die place of nickel, but owing to the tendency 
of iron salts to pass into a higher state of oxidation, they spoil 
rapidly. Hydrogen is given off also, and it would appear that the 
corresponding oxygen appears at the anode, unites there with the 
iron, uid thus tends to Uie production of basic salts. For these 
reasons, in the case of iron, the double chloride of iron and ammonia 
appears to he more advantageous than the Hulphate. To produce 
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this, dieeolTe dean iron wire in hydrocbloric aci^ naing heat at 
the oloee, and having iron in eiceSB to prevent the formation of 
perohloride ; for every 56 gre. of iron dissolved add 53 ' 5 grs. of 
anunoninm chloride to the Bolation. I have found that the addition 
ot B, proportion of glycerine to the solution diminiBhes its tendency 
to epoiL No deposit can be obtained from a solution of a ferric 
salt ; in these the action takes the form of a generation of hydrogen 
at the cathode, which reduces the salt to the ferrous condition ; at 
the anode, meanwhile, iron is dissolved by the acid set free until a 
neutral ferrous solution is produced. In consequence of this, an 
iron solution which is spoilt either by action of the air or by 
generation of basic salts, may be renovated by adding the proper 
acid, and, if needed, heating it till it becomes clear, and passing 
current bom an iron anode. Of course, there must also be a propor- 
tionate addition of ammonium chloride. 

The deposit of iron is likely to have important scientific uses, as 
in examining the laws of magnetism, but it would not seem likely 
to have extensive practical application. Its principal utility is likely 
to be in the same direotion in which it has been used for some 
years— viz. for printing purposes. It has been used to give what 
is called a " steel face to copper plates, by depositing on them a 
thin film of hard crystalline iron which does not seriously affect the 
fine lines of engraving, but wears much longer than copper, and when 
defaced, can be dissolved by acids and renewed, without the plate 
itself being subjected to wear. It takes the ink well also, and will 
work with some inks, such as vermilion, which are useless with copper. 
It would probably answer well, also, for facing to ordinary type. 

I have been informed, on what I believe to be good audiority, 
that iron deposits beautifully, although accompanied with torrents 
of gas, with a battery of ten or twelve Bunsens in series, but I have 
not myself tried anything beyond two or three Smees. 

376. FiiATQimi. — This is an exceedingly difficult metal to deposit ; 
in fact, although some writers say that it is to be done, it is very 
doubtful if a reguline film of tough metal has ever been obtained. 
The deposit is highly crystalline and brittle at its best, and tends 
very strongly to pass tuto the state of black powder. It is com- 
monly stated that a very feeble battery is required, but this is not 
. the case : on the contrary, it requires a force equal to four Smees 
in series, in order to overcome the great resistance of the liquids, 
and to compensate for the &ct that there is no action on the anode ; 
the platinum, therefore, is wholly derived from the solution, and 
must be replaced as chloride. A small " current," or rather small 
density of current, is required in order to prevent nndue generation 
of gas and black deposit. I have found that a " density " of * 3 is 
the atmoet current to be used. 
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Pktmio chloride PtCl^ on the eqniraUnt notation, or FtCl^ on 
the atomic, ie the hosia cj all the eolntions of platinmu, Ita pre- 
paration requires some preoantiong, aa it mnst not he heated at any 
time beyond the heat of the water-bath, or a ohauge takee place 
which is not correctly stated in the text-books. They all say that 
platinons chloride is -produced, which will rodissolve in exoeas of 
acid. I have fonud utat overheating, even with great excess of 
acid, tmms the solution a dark olive instead of clear yellow (or red, 
if iridium is present), and that a blu^ powder is formed which 
cannot be redisfHdved without drying and heating to red : it may 
be that this is due to the other metals ueually accompanying 
platinum. Platinum left in a bottle -with aqua regia (i nitaic, and 

J hydrochloric acidj will dissolve in time, bnt the process is a very 
ong one ; heating in a water-bath hastens it ; it should then be 
evaporated to dryness in the bath, dissolved in a little water, and if 
desired left to crystallize. This solution may be used to deposit 
from, but it requires very great core. 

Sodio Platinic CMoride is obtained by adding i equivalent of 
common salt (58-5) to I equivalent of platinic chloride (169-5), 
which corresponds to 98-5 of platinum in solutioa: it may be 
crystallized as a yellow seilb This deposits more easUy than the 
chloride. 

A still better solution is made by adding to the foregoing about 
4 equivalents (6;x4 = 35z) of oxalic aoid, and then rendering the 
solution strongly alkaline with caustic soda. This in fact is the 
best solution I have tried. A similar one may be made &om 
the yellow precipitate formed by ammonium or potassium chloride 
with platinic chloride. Those precipitates are soluble in oxalic 
acid (a fact not noticed in the text-books so far as I know, or in 
Storer's dictionary of solubilities) ; more of the acid is required, 
however, and the ammonia precipitate requires boiling. The sodium 
form is however preferable, as most stable. From my experiments 
I am disposed to think that silver, coated with a film of platinum 
in this Botution, would be superior to the ordinary platinized silver 
for batteries : it would cost more as taking more platinum, bat 
would be &r more durable. Its surface is highly granular. 

The equivalent of platinum deposited is variable, owing to gas 
being generated. I have obtained from 44 to 48 ; theoretically it 
is 49*3 corresponding to one equivalent 01 chlorine, owing to all 
these solutions being of the platinic series. 

377. AiUKDfCK. — The depositing of this metal wonld be a process 
of great value in the arts. Several such have been published, and 
some patented, but none ia of any practical value. In one case it ia 
stated that a solution of alumina mixed with cyanide of potassium 
deoompoaes with six Bunsens or ten Smees. This statement is strictly 
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true : it does decompose, only, Ttnfortnnatcly, it does not deposit 
alnmiDnm, but simplf gives off hydrogea. I spent a good deal of 
time and tronble over this, till I gatisfied myself that cyanogen will 
not unite (as a cyauidoj with aluminum. In aaother book (a good 
one, too) a process is given which is esBentiolly one for obtaining a 
solution of sulphate or chloride of aluminum, and it is stated that 
from this a fine white deposit of aluminum can be obtained. It 
may be so, but all I can aay is, I cannot obtain it, noi can I find 
that anyone has as yet succeeded in efEeoting a deposit; all the 
solationB I have tried, acid, neutral, and alk^ine, decompose and 
give off gas, but refuse to deposit metal. I believe, however, that 
aluminum may be more readily deposited in alloy with other metals, 
and with great advantage. 

Almninom may be reduced irom its chloride by means of elec- 
tricity, as a source of the metal, however, if the chloride contained 
in a crucible is kept in fusion by heat while the current passes, a 
carbon pole with nicks cut into it being used to receive the reduced 
metal. Aluminum may be obtained from Cryolite, a natural double 
fluoride of aluminum and sodium, by this process. 

378. Depositing Alloys. — It is supposed by many, and the idea 
is supported 1^ many indirect statements in the books, that metals 
deposited by electrolysis are absolutely pure; bat this is a great 
mistake, as for as the principle is concerned. It is true that the 
current exercises an elective influence when salts of several metals 
are in company, as explained, § 298 ; this election depends upon the 
fact that each chemical compound requires a definite force to break 
it np, and therefore, as a rule, the one most easily decomposed will 
deposit its metal in preference to the others ; but if the force be 
sufficient, all will be decomposed, and a mixture of metals will oome 
down. The solntion also exerts a selective influence on the 
materials of the anode ; hence pure copper can be obtained in a 
solution of the sulphate from an impure plate, because the snlphnrio 
acid refuses to dissolve the carbon, l^td, tin, Ac, which form a 
dirty coating over the plate after a time, while any zinc and iron 
passing into solution require eo much more force to decompose that 
Uiey remain in solution ; but pure copper would not be so easily 
obtained &om a solution of chloride, nitrate, or acetate, as these 
would carry over the easily-reducible metals, which would deposit 
even sooner than the copper, 

379. But the object to be attained in depositing alloys is to be 
able to secure a definite proportion of a given quality, and as to 
the mode of effecting this very little is really known. The subject is 
of so much interest and may have so much importance, that I 
depart from my usual practice of stating nothing that I have not 
thoroughly tested. In this case I propose to give the porticnlais 
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nf TBriona aolntioiiB patented for depoeiting brass and bronze, 
and then to furnish a statement of the principles necessaT; to be 
attended to in any attempts to derise solntious and modes of 
working. 
The quantities are proportional, grains or onnoes, &c ; 

Taox XXT. — Baioana BobcnoKa. 
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* Sadclent to ^ted the purpose, 

1. De Salzede. — Dissolre the cyanide of potassium in 120 parts 
of the water, then in the remainder dissolve the salts of potash, 
zinc, copper, and ammonia, raising the heat to abont 150° Fahr., 
adding each salt as the first is dissolved, and stirring well ; then 
mix, and allow to stand a few days. 

2. De Salzede, prepared in same way as i . 

Both are worked with braes anode, and a battery of two Bonsea's 
obUb giving a fall current. 

Brotae may be deposited by snbstitnting chloride of tin for the 
sulphate of zinc— 35 parts in i, and 12 in 2, working at a tem- 
perature not exceeding 97°. 

3. Divide the water into two parts, and one of these into foor 
parts, and dissolve the salts, i, the oopper, and add half the 
ammonia; 2, the zinc, at abont iBo° Fahr., and the rest of tlie 
ammonia ; 3, the potash ; 4, the cyanide of potassium in hot water. 
Then mJT i and 3, and add 3 and then 4, stirring well ; then odd 
the remaining half of the water. 

Work with brass anode and full battery power, adding ammonia 
and cyanide of potassium when reqnired. 

4. Bnssell and Woolriob. — Dissolve the salts, and add anffl- 
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cdent oyanide of pofaesinm to redisBolve the precipitate fonned and 
be aomewluit in exceaB. Worked with braes anode. 
;. Dis8otTe separately and mix. 

6. Dissolve and mix, adding the cyanide lost. 

7. This is to be prepared by the battery process, the solutios 
being made and kept at 150°. A large brass anode and a small 
cathode are connected to a battery, and cnrrent passed till the 
solution deposits freely. 

8. Brunell. — Dissolre separately, mix the copper and zinc solti- 
tions each with port of the potash, then with ammonia enough to 
redisBolve all precipitate, and add the cyanide eolation. To be 
worhed with large brass anode and two or more Bimsen's cells, 
adding ammonia and cyanide as required. 

It is stated by Watts that the solntione 1, 7, and 8, containiiig 
ammonia, work the best, because they dissoiTO the zinc from the 
anode more &eely; and that whenevei a white deposit forms on 
the anode, free ammonia should be added. 

No. 6, which is Morris and Johnson's, is spoken of very highly 
by some as giving good deposits capable t^ varying proportions. 
It is to be worked hot, and requires strong battery power, giving 
off abondant gas while working. 

. Principles. — ( i) The object to he attained is the deposit of 
9 proportionate weights of two or more metals ; hnt as the 
b knows nothing about weights, but measures its work by 
equivalents, the proportions by weight desired must be reduced 
to equivalent proportions, by dividing the weight by the electrio 
equindent given in the taUe, p. 212. Thus, a brass is required - 
oontaining64copperto36zinc; 64-^-31 -75 = 2-02 and^e-i-ja -6 = 
I 'p6 gives tiie proportion in which the current must divide itself 
between the salts of copper and zinc. 

(2) The solution need not contain the two metala in either of 
the two proportions, weight, or equivalent ; the relative degree can 
have no fixed law, as it most depend on several conditions, and 
mainly upon a combined consideration of the &cility with which 
the two salts decompose, and the equivalent proportion required to 
he dooomposed. 

(3) Incompatible salts cannot be joined in one solution, that is 
to say, salts which exchange their constitaenta or throw down a 
portion as insoluble, unless another ingredient is to be added which 
will redisaolve the precipitate ; this latter is often the case when 
ammonia or cyanide of potassium is to be added, more especially 
ammonia. In such cases, however, it must be ascertained that 
these new conditions do not alter the relative conductivity or 
decomposability of the various metals in solution. 

(4) It is of the utmost importance that the metals of which the 
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tSloy oonsutB shonld not have any ebvng electric relalioiiB to eocli 
other in the eolntion to be used. It most be remembered that 
what is called the electric order of metals is a pure delnsioi), 
nnlesB taken in a particular solution, § 367, for a metal may be 
positive to another metal in one solution and negative to it in 
another, as this depends on the relative af^ti^ of the ntetals to 
the other radicalB. 

(5) It is detiroMe that the eeveral salts should have nearly the 
same electric resistance (g 2}2), or that these resistances (which 
partly depend upon the qnantitf of each salt dissolved) shonld be 
proportioned to the relative currents repaired (see i) ; but this is 
not essential. 

(6) It is eaaeatial that the battery power he balanced against the 
decomposability of the several salts. This is distinct from their 
resistance. Each chemical combination needs a fixed force to 
decompose it, and this is effected by maintaining a Bof&cient electric 
tension at the plates to effect it. This may be called the gpeeific 
vwlecular resiglance, set np at the cathode osdjt while the electric 
resistance lies in the space hetwcoa the plates. If there is a great 
difference between the specific molecular resistance of the different 
salts, the current will tend to reduce the lowest only, and that 
perhaps in a powdery state ; in such cases the only remedy is to 
nave only a sufficiency of the weaker salt present to supply the 
required deposit, thoe forcing the current to act sufficiently npon 
the more resisting salt. See § 395, p. 25^. 

381. Pbaottoai. Suoobstionb. — There is only one mode of satiEh 
fiictorily examining all these points, and this is to test each one by 
means of a galvanometer which will measure the actions on a 
definite s^rstem. Vessels of the same size should he used for com- 
paring different solutions, and plates of the different metals and 
also of the desired alloy provided, all of exactly the same size, such 
as a square inch or i X a, with such an arrangement as will ensure 
always the same distance between them; then, to ascertain if the 
condition 4 ia fulfilled, the two metals are connected to the gal- 
vanometer as if they were battery-plates, to see if a current of 
notable amomit is set up. The same arrangement tests condition 5 
by using two plates of the same metal as the solution ; the greatc^ 
the resistance, the less current will pass from a constant battery. 
Condition 6 can be tested at the same time by observing how many 
cells of the battery are required to force a given current through, 
but this test will be only approximate as the resistance affects it ; 
still, it will give practical information. 

Care must be taken that there is sufficient free solvent and also 
water to fireely dissolve the anode and keep it clean, as sometimes 
one metal will dissolve more readily than the other. This, as well 
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S8 otber points, will be Bsoertained in the experimental vessel by 
testing with separate anodes of the various metals ; they ought all 
to bUow the some cniront to pass under the same conditions, bocaoae 
this depends whoUy on the action of the anode. 

It wul be obserred that the object in these ei^>eriments ia to 
isolate and vaiy one particular &ct at a time and measure its 



The anode should usnall; be of the kind to be deposited, so as to 
maintain the solution uniform. But it may be desiTable to use 
several plates of tbo separate metals. Here, I think, may be found 
a principle in alloy depositing whiob has not yet been employed — 
viz. to use a separate iMttteiy for each anode, so as to vary the force 
exerted on each metal as necessary ; by this means both conditions 
may be controlled, exactly the proper proportions of each metal 
may be forced into the solution, and the required tension may be 
exerted upon each. It is true that the metals are not transferred 
by the current itself, and therefore the different onrrents will not 
select at the cathode their own particular metal, but a sufficient 
electric force for each will be present at the cathode, and the due 
utilizing of it mnst be provided for by attention to the other con- 
ditions explained. A similar result may be attained with one 
battery sofGciently powerftil, by leading separate connections from 
the positive pole to each anode, and interposing resistances so as 
to control the current to each ; but distinct batteries would be best. 
Of course, all tbo negative poles would go to the object to be 
deposited on, the cathode; it wonld also be desirable to have a 
galvanomet^ in the circuit of each anode to secure accuracy. 
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CHAPTER XI, 

UGHTNUiei ABO UOHTMIKa 



3 B 2. The oommon oonoeption of Jightniiig may almoet be described 
u a belief tbat there is Bomething packed away in the olonds, wbic^ 
at some uncertain moment falls from them as a " thnnder-bolt," or 
rnahea ont upon the earth as a discharge of " electric fluid," with 
destrnctiTe efiecta, resembling in some degree those of the bursting 
of a reserToir of water. The conductor is regarded as having some 
aUradwn for the " bolt," and also as a pipe to receive and cany off 
the flnid. These ideas are not only erroneous scientifically, bat tiiey 
are the soorce of many practical mistakes in the setting up of con- 
dnotors, which sometimes lead to fatal results. 

Those who have comprehended the principles of static electricify 
explained in Chapter 11., will see that they are applicable to the 
present snbject, as lightning is strictly analogous to the artificial 
electric discharge. They will at once understand that the dis- 
charge does not merely issue from the clouds and rush to the eat^ 
but tiiat the latter falfils a function just as important as that of the 
olonds ; the latter are indeed the " prime conductors " of Nature's 
great electrical machine, but the force is distributed over a vast 
" inductive circuit," of which the air and the earth form as much a 
part OS the clouds themselves, and the discharge is a redistribution 
of force all over this inductive circuit, not across the air simply. 

583. The thunder-cloud is in fact to all intents a condenser plate 
upon which terminates the polarized chain of a oircnit, and diere 
are two varieties of thnnder-stonn, which depend upon the nature 
of the opposite condensing plate. This may be another cloud 
above, or at a distance from the first ; then the discharges occur 
between the clouds themselves, and the only effect on the earth is 
of an inductive nature, and is nsually slight ; this is the case with 
what is called sheet lightning, in which the clouds are vividly illn- 
minated, but there is no line of light visible. In the other class 
the surface of the earth forms the second condenser plate, the air 
and all bodies between the clouds and the earth are " polarized," 
and assume a condition analogous to that produced in the neigh- 
bourhood of an electric machine at work. Discharge at last occurs 
in. one or more lines in which the lesistanoe happens to be least, 
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when the tension he^ risen to a degree greater than the reaiBtauce 
of the cLTcnit can snstain. Very slight oircumBtanoes determine 
the direction of this discharge : an »niiinn1 standing on the ground, 
a tree, the presence of extra moiatnre, or a metallic vein, or a 
range of piping in the groond may suffice. This is very evident 
in ibe case ^ ships at sea : they will not only draw a flash of light- 
ning, bnt there is good reason to believe that they frequently cause 
a change in the direction of the wind itself by the electrical condi- 
tions they set np. It ia a common oirotimBtanoe for a sqnall-cload 
to arise and work half round a vessel, and at last come towards it 
and take it aback more or less saddeijy. If the path of the clond 
be traced oat it wiU be found to be of the nature of a parabola ; 
the original motion being gradually diminished, and its direction 
diverted to the vessel. I have frequently seen tliiB occur ; and on 
(sie occasion a very h^vy sqnall-olotid rose on the weatber bow of 
a ship I was in ; it crossed our course and went away to leeward, 
we running up nearer and nearer to its path: the cloud then 
stopped, rapidly returned toward us, against the wind we had, and 
as it reached above ub, a violent change of wind occurred, the cloud 
threw out its charge, struck the fore and main top-gallant masks, 
and killed two men. 

It will be easily conceived that a large vessel, with its three masts 
the only salient points arisiug from the earth's surface in the neigh- 
bonihood, must produce a great effect upon the electrical oonditious 
around it, and that this may frequently be the cause of the sudden 
changes of wind experienced. To this same order belong a variety of 
natural phenomena, such as what sailors call St. Elmo's Fire, when 
the points of masts and yards are tipped with lambent flames, which 
resemble the common brush dieoharge of our machines. A third 
variety, called Ball Lightning, is very uncommon, and its electrical 
nature is not at present eiplainablo ; if, indeed, it is directly elec* 
trie in its nature at all. In this a large ball of fire is seen to roll 
along the earth, doing great mischief on its path, and apparently 
having Bome connection with, or relation to, the' revolving winds 
called tornadoes or whirlwinds, models of which may frequently 
be observed in out streets when the dust is not properly hud by 
watering, and of which the waterspout is another variety. 

584. Li the true thunder-storm the cloud consists of a aeries of 
layers or zones oppositely electrified, with a Bimilarly arranged, 
but opposite series on the earth beneath, the air between complet- 
ii^ an electric circuit. Such a circuit ia often extended over many 
miles, so that when a discharge occurs at one extremity a corre- 
sponding one in the reverse direction (sometimes called the back 
stroke) occurs at the other extremity, perhaps twenty miles away. 
The cloudB thanselveB may be only lOO feet away, or two or three 
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Balm. Flubes of ■nch length have indeed been meuniied by tlie 
uiffle oocopied bf the line of light uid the period betweea the flash 
ana the Bcnmd of the thunder, which fa^ether famish the meuiB of 
oklenlkting the length of the yisible flash. Several attempts have 
also been made to measnie the time occupied by a discharge. 
Uoviug objects, when photographed by its light, appear as distinct 
as if stationary, bat by means of tbtoIvIi^ mirrors it has been 
asoertained that the aotoal doratioa of a flash is something less 
than i^th of a second ; its apparent duration is an effect of onr 
own eyes, due to what is called persistence of vision, owing to which 
we cannot lose an impression oace produced in maoh less than a 
sixth of a second, on which principle are based so many optical toys. 

^8 J. It is frequently stated that the bodies of those killed by 
ligntning are marked bj impressions of neighbonring objects. It 
is hard to say what amonnt of truth tliere is in this, and how much 
natural exaggeration ; credit ia most often given to a neighbouring 
tree as the im^e copied, and it would seem not unlikely that such 
marks are caused hy an action like that of the brush discha^e, 
causing a series of straggling lines, which the imagination of ex- 
cited observers converts into a tree. It is of more moment to those 
who are alormedat the flashes of lightning to understand that when 
a flash ia seen all danger from it is passed ; a person sb^ck never 
sees the flash, and it would appear that this death is the moat in- 
stantaneous and painless whi^ can be conceived. 

3S6. The foregoing considerations as to the nature of the dis- 
charge will enable us to see what ate the true principles of con- 
dnotors to avoid its effects. They are not intended to attaract or 
convey a diieharge from the clouds; their object is to supersede 
the condition of polarization and tension in the gpaee to be protected. 
They do this in a twofold manner : 

^ They practically raise the earth's surface to such a curved 
' 8 correspoads to the electric relations of the conductor and 
tne air ; not in an exact invariable form, as some suppose the pro- 
tected area to assume ; but still, roughly in a cone from the apex 
of the condnctor, and of a radius perhaps equal to the height of tho 
point, but this applies only to the rod itself ; when buildings are in 
the included cone no law can be given, as the conductivity is afieoted 
by their materials and contents. Whatever the space protected may 
be, within it the conductor lowers or nuUifles the condition of ten- 
sion, transferring it to the space outside the cone, &o. (2) They 
react also upon the exterior space in the direction of a reversed 
cone, by the discharging properties of points when forming part of 
a polarized area, as explained, § jo, p. 43. When a point connected 
to " earth," or the rubber of the machine is approached towards the 
prime conductor, the latter cannot be charged, but a brush dis- 
charge occurs and a current is produced instead. The lightning 
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conductor acts in the same manner ; as soon as the charged dond 
approaches, and would begin to Bet up an " iudnctiTe circnit" under 
tenFdon in the air to the earth beneath it, a correut begins to flow 
quietly in the condoctor, the tension aboTO it is rapidly lowered, 
and may not be able to accumulate eufficieatly for a violent dis- 
charge, i.e. a lightning flash, at all ; bnt if it does, the discharge 
will occm through the space between the cloud and the outer area 
of the conductor's cone ; and the conduotor takes it ap in the form 
of a momentary increase of cnrrent. In oonsidering these prinoi- 
|des it must be remembered that lightning is not a mere thread of 
flame, or confined to the visible line ; a large space all round the 
line takes part in the discharge, and gives up the force previonsly 
accnmulated in it as tension. 

387. These principles settle conclusively all questions as to the 
construction of lightning conductors. Their object should be to 
connect to earth every portion of a building ; and as this is actually 
possible only with metal buildings, they should connect every salient 
point and as much of the surface as possible, so as to extend around 
the building the area of low tension, or artificial " earth " surface 
opposed to the cloud. Chimneys require especial attention, because 
they are tubes lined with conducting material, containing warmer 
air, and if with fires, then extending a comparatively good con- 
ducting column of warm air towards the cloud and so inviting a 
discharge ; hence it is that lightning almost always enters a house 
by the chimneys. All doors and windows causing currents of air 
should be closed during a thunder-storm. 

388. The prime essential is a good connection to water; water 
and gas mains provide the best if the oonductoi is well secured to 
them ; next to them is the metal shaft of a good pump, in a well 
constantly supplied by springs ; then ponds or ditches. What is 
required is a large metal sur&ce terminating the conductor, and 
in contact with a stratum of moist earth, so that a hole sunk into 
wet gravel, into which the conductor is led, and surrounded with a 
quantity of coke to increase its surfaces of contact, will answer, 
but dry clay, or rock, is not safe. This connection should, if 
possible, surround the building by moans of rode from its various 
corners, either led to difTerent earths or else continued by a rod 
round the house to one earth connection, Eve^y piece of metal- 
work about the building should be utilized, such as ridge-caps, 
guttering, and water pipes. They cannot be trusted as conductors 
because of the joints in them, which offer great resistance, and 
therefore prevent reduction of tension, but they will help to form 
a protecting network around the building, especially if strips of 
copper are soldered across each joint. For the same reason a con- 
nection should he led from the bottom of the down pipes from the 
gutters to the nearest suitable earth, thou^ a very good but iwi- 
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able earth oonneotioii is set up &om these by the water itself during 
heavy rain. The lower parts of bell- wires may also be advantage- 
ously oonnected to an earth, snob as the nearest gas or water pipes, 
B8 several accidents have occnrred &om their havii^ either received 
a direct charge through the walls, or having a violent current in- 
daoed in them. 

389. The terminals should be attached to all high or salient 
points, meet particularly chimney-stacks; if these are wide, and 
contain several chimneys, it is safer to have two points, thongb 
nsnally one is sufficient; bat the kitchen chimney, or any one 
oommouly used, and therefore lined with soot, and containing warm 
air, shoidd be specially attended to. The points may be made of 
rods of i-inch iron drawn ont to a point, rising 3 or i feet above the 
boilding; they are better also for galvanizing. There is no ad- 
vantage in any of the fancy points, patented or otherwise. The 
oondnctor depends npon the size and height of the building. A 
factory chimney or chnroh steeple shonld have a copper con- 
dactor of at least -^inoh section, either as a rod or as a wire-rope^ 
well protected against iiq'nry ; for smaller buildings, iron-rod may 
be used instead of copper. In ordinary cases galvanized iron wire 
of about a ^Inoh diameter (such as is used for telegraphic pur- 
poses) * will answer perfectly, if led separately from various salient 
points, and carried down the diflerent sides of the bonse an3 con- 
nected as above described, to the guttering, &c., but for a single 
conductor at least ^inoh rod should ho used. Solid rod is best, as 
it Bsposes least surface to mat, for it is the mass or weight of metal 
which conducts, nol itg tiarfaae, as some suppose ; but every joint 
must be carefully made and soldered, to secure metallic continuity 
and low resistance. 

390. It will be seen that conductors should never be insulated 
from the building, but, ont he contrary, as much of the surface as 
possible should be connected to the conductor. Electrometers, &&, 
are often surrounded with a cage of wire connected to the earth (n 
to the negative pole of the active source of electricity, in order to 
prevent them from being affected by external electric disturbances. 
That is exactly what we require to do with our buildings ; an iron 
house well connected to earth wonld not only be perfectly safe, but 
its inmates wonld scarcely feel any of the effects usually pro- 
duced on the nervous syst^ by " thundery " weather, except so &r 
as these are due to heat The object aimed at in a lightning con- 
ductor should be to approach that condition as nearly as poBsiUe ; 
to obtain an enclosed area within a conducting envelop provided 
vrith points and connected to earth. 

• Recommended by Mr. Preece, whose eiperieDce in this matter '■a very coasi- 
derable. 
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391. Throaghont these pftges the tranemissiou of eleotrio oniv 
lent boa been regarded mtunly as conBistiiig of a breaking up and 
reformation of the molociUea which form the polarized chain or 
circnit, this being the action which nndoubtedly does occur in 
electrolysis where the action can be best examined. But no single 
conception will convey the whole of any scientific tmth, and it has 
been indicated, eapeciulty in § 360, p. 220, that tianemission may 
be effected by other means (such as rolaiion of the molectileB) 
dependent upon the stmie canses, such as the polar attraotionB ix 
the moleciiles, which in electrolysis produce actnal dismption. 

393, It is indeed very difficult to conceiTe that the same action 
oocnrs in solid conductors such as wirra, as takes place in liquids, 
because no change whatever appears to be produced in the wires. 
We might indeed conceive that in solids the &eed semi-molecnles 
at each end of the wires unite with similar ones to reconstitute the 
metals unchanged in physical property and form. But an eiperi- 
ment will prove that in solids this action does not occur : we cannot 
conclusively test it in simple substances such as metals, but some 
metallic sulphides which are true binary compounds, and which 
would, if fused, be electrolytes and undergo the process of breaking 
up, are conductors alao when solid. Now I have interposed a piece 
of such a Bolphide between two plates of silver (which has a strong 
affinity for sulphur), and passed current for some time : there was 
no formation at silver sulphide, and therefore it is clear no such 
aotion occnrred in the solid sulphide as would have occurred had it 
been in the liquid state. 

39J. Rotation OF MoLBonLBS. — A rotation of molecules involving 
a reversal of their polar arrtragement will, however, fulfil all the 
conditions required, and in examining the relations between magnets 
and electric onrrents there will be found good reason to bdieve 
that such a rotation does actually occur in solid conductors, and 
that the direction of what wo coll the galvanic current, that is to 
say, its magnetio and chenuoal relations, depends upon whether 
this rotation takes place on an axis incUned to the right hand or to 
no,-7«jhyGt.)tJ^le 



the left of the polkriced ohniit itself. It is intended to go into 
this mbject only ho f^r as ie neceBBorj to understand the action and 
oonstrnotioa of magneto-eleotric madunes and induction coile. 
Even thifi will require a re-examination of some subjects dealt with 
in Chapter III. on Manietism, btit which belong more properly to 
the present sntgecL In &ct, this chapter is an addition to the 
vork as originally planned, and has been written sinoe the other 
part of the book was printed. 

394. Whenever a magnetic body and an eleotrio condootor are 
brought near to each other, or moved in each other's neighbourhood, 
they react npon each other if either one of them is under the 
influence of either force, maguetism or electricity. A magnet will 
produce a current in the oondactor if either is moved tinder certain 
conditions^ electricity in motion as current, oonfere magnetism on 
a magnetic substance. The reason of this reaction is that the two 
are really diSerent monif^tations of the same force, and are due 
to different actions of molecules in a state of poluization; the 
electric action is that exerted in the line of polarization ; magnetism 
is the action at right angles to.the line of polarization ; it is exerted 
in every direction at right angles, and, as a consequence, mag- 
netism has in itself no directive power, and, stricdy speaking, 
no folariiy. The apparent polarity, like the directive power of 
magnets, is not the property of any single magnetic snlwtanco or 
object, but is the consequence of the mutual reaction of two or 
more such objects. It is the possession of magnetism by the earth, 
which therefore acts as one such body, that confers upon magnets 
their apparent directive power. 

39;. The source of all the mutual actions of magnets and oar- 
rents is to be found in that property of the molecules of matter 
which ve call tnducfion, a power of acting externally upon other 
moleonles. Within the electric circuit itself this power seta up 
the condition of " polarization," or arrangement of molecules in an 

order of regular sequence {-{ — )(H )(+ — ); but besides this 

action in Ae cireuit, a similar action is exerted around the ct'rcut'f, 
which tends to place surrounding molecules in a parallel polar 
order. But while the first action is consistent with a transmission 
of energy along the circuit, and is thus of a dynamic character, 
the second is static, and changes only when there is a change of 
conditions. Thus, if we pass a current into a submarine cable, two 
conditions of polarization are set up ; one in the line of the wire ; 
the second in the surrounding matter, in the form of an indticlice 
circuit from each successive point of the wire through the water to 
the other pole of the generator. This latter absorption of energy is 
called " cha^e," and the current cannot be set up, that is, the 
conductive circuit cannot bo completed, till from point to point of 
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the wire the inductiTe oircnit is completely chained ; this is tlie 
caase of what is called retardalion, and henoe the rate at whidi 
signals can be transmitted throagb a mble depends npon the 
natore of the indactive oircnit it forms, or its " inductiTe capacity." 
Bnt onoe this charge is given, the inductive circiiit retains it, luid 
absorbs no more enei^ &om the current (except what is lost by 
leakage) ; conent can be sustained npon the ordinaty lave so long 
as no ch^ge is made. Bnt when the current stops, the energy of 
charge flows out of the cable as a current, and no current can be sent 
through the cable, in the opposite direction to the first, untQ this first 
charge is passed off and a new one of the opposite order is set np. 

396. Now maguetisni is of the same order as charge; it is a 
static oouditioa of the moleonles, set up by enei^ absorbed from 
an eleotrio onrrent (or other source) ; while this condition is being 
assumed the process acts as a resistance and a retardation ; bnt 
once it is set np, it is static, requires no more energy, and the 
energy will be retained, or given up as an electric current, 
according to the natore of the body in which it is produced. 

397. To apprehend the consequences wc must regard the electric 
circuit as a simple chain of polar molecules and indiyidnalize the 
molecnles, which I shall do by drawing them as ellipses, of which 
the dark part will represent the -|- end, or the direction in which 
we may conceive the supposed electric current to be travelliug ; 
the white, or — end, being that connected to the positive pole 
of the battery. Fig. 7 1 is a section of such a chain, looked at m>m 
the poeitiTe pole, that is to say, the — end &ciDg the ohserver, 
with the line of ^ectric polarization passing through the centre. 




The molecnle exerts that action which we call magnetism, at 
right angles to the polar line in every direction, as represented by 
the arrows; bnt tMe aotion has no dtreOxve power, no aUracftre 
power ; these depend upon external conditions. 

398. But the molecule, or, more correctly, the polarized chain, 
has the power of ranging all snrrounding molecules in similar 
order, as shown in Fig. 72. The npperlines are intended to convey 
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the idea of the indnotiTe circnit set up as " charge." The lover 
puallel line lepreeente the maguetio oonditione to be farther 
developed. 

399. If we oonoeiTe the poUrized chtun 0, of Fig. 72, to be 
formed into a circle, ae in Fig. 7}, we obtain the two effects in 
different ways. Let S be a section of a bar of steel ; its molecnles 
arrange themeelvefl in the form of closed chains, and as steel 




IS the power of retaining this condition, it becomes a magnet, 
the forces exerted at right angles to the direction of polarization, 
all combining and acting in the line of the bar, as shown in the 
npper bar 8N, Pig. 76, and also in Figs. 74 and 75. The differ- 
ence between the two extreme faces of this bar is that, looked at 
from the exterior, the lines of polarization torn to the right in S 
and to the left in N, aa seen in the two polar faces shown in 
Fig. 76, There is no difference of property, no inherent direotiTe 
tendency in these ends ; but in England we call the &oe S the 
Bonth pole of the mt^et because it ranges itself In the earth's 
magnetic field, facing to the sonth pole of the earth. In France 
they call it the N., or Boreal pole, because it has the same magnetic 
character as the north pole of the earth. 

400. But action takes place externally, as well as within the ring. 
If t c is regarded as a ring of wire, its mdeonlea, of necessity, 
swing into the polar order, and in doing so eonstitate a galTanio 
eirenit, which wUl complete itself as usual ; in consequence, a 
momentary current is generated or induced in this " secondary " 
wire as soon as current passes in : bnt only one wave of action 
is prodnced, no current continues to flow in i c. As soon as the 
prunaiy current ceases, all the molecules resiune Uieir normal 

no,-7«jhyGt.)t>*^le 



xhscTBO-KAasxnsis. 828 

poBition, and in the act of doing so a current is agtun set i^ In i e, 
but in the opposite direction to the first. If B is ixcoi, instead d 
steel, it loses its nii^;netiBm, and the energy it had stored up is 
employed in increasing the energy of the current in t e, and also in 
producing an ealra current in itself^ continued after the battery 
is cat oSl These all react upon each other in each manner that these 
currents are not, as aaaally considered, single cnrrents,.bnt consist 
of several pnlsatione of maximtim and miniTnnm force analogonB to 
the swings of a pendnlom raised and let &U. The onrrent in the 
secondary wire, at making contact in G, is in the reverse direction 
to that of C itself : at breaking oircnit the induced current is in the 
same direction as that of C. As these currents are each the resnlt 
of single and equal swings of the molecules, their " quantity " is 
the same, for quantity is simply a function of the molecular actions. 
Bnt the E M F of the breaking current is much the greatest. 
The reason is obvious : in the first, energy is being taken up in t c 
and in 8 ; in ^le lost, that energy concentrates chiefly in ■ c 

401. If 8, instead of being a W of iron or a bundle of iron wires, 
is made of an^insulatediron wire wound up in a helix similar to the 
other wires, it will still act as a magnet, though less forcibly, owing 
to the breaks in the longitodinal or magnetic lines, bnt the extra 
corrent will then be formed within itself and Ute wire will give off 
spoiks. 

403. The direction of these and all the other actions amoi^ 
currents and magnets, induced by motion (which includes the 
setting up or cessation of a current, these being equivalent to a 
motion of approach or withdrawal), is governed by a general law 
first formulated by Lenz. The direction of the carrerU set up by any 
motion mil be gueh at will resist that motion, and vice cerad. Xow 
currents having the same direction, that is, parallel, atiract each 
other ; therefore a cnrrent in the opposite direction, which refwla, 
is set np. The order of the lines of circular polarization in 
magnets (Fig. 73) acts in the same manner as wonld the corre- 
sponding current, which is represented by G. We may see in this 
some analogy to the action of two wheels in contact ; when one is 
rotated in one direction it sets up in the other a motion in the 
opposite direction. Therefore the induced cnrrent at " make " is in 
tne opposite direction in the wires to that of the primary, as then 
the two currents repe! each other : at " break," the induced current 
is in the same direction as the original or primary current, as this 
resists the demagnetization or withdrawal of the magnetic energy, 
or magnet. 

On examination of Figs. 7^ and 7;, it will be seen that there 
is a cause wJuoh may determine the oirectiDn of rotation of the 
molecule of wires, &c. If the torn of wire (Fig. 73) is « true 
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oirele, time vonld seem to be no Toason why the molecnles should 
torn to one §id« rather than the other in assamiug tiie polar order. 
Bnt in a helix the direodon of the wire is componnd ; besidw the 
oireolar tome there is the eqniTslent of a straight length from end 
to end of the core, and the action of the turns is exerted at a email 
angle to the core, which of necessity givoe the impulse to the 
mdecnles in the direction of that angle, 

401. In consequence of these varionB relations, a wire wound 
BpiraUy round a bar of iron magnetizes it in a direction detennined 
by the direction in which the wire is wound. On the other hand, 
if the bar be magnetized by any external means, as by bringing 
another magnet in contact or neighbonrhood, a current will be 
induced in the wire, and the direction will depend upon that of the 
magnetism set up, and also npon the direction in which the wire is 
wound. Helices are called dextrortal or right-handed, when, looking 
at them from Uie end at which the current enters, or at which the 
coiling of the wire commencea, the wire turns frvm left to right 
oyer the core as the hands of a watch. Fig. 74 is a right-handed 
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helix, and, as it shows, such helio» give South poluity to the end 
at whic^ the current enters. In sinisirorial or le/i-hmded helices 
the wire, under li^ conditions, tnms from right to left over the 
core, as in Fig. 75, and gives North polarity to the end at which 
the current enteis. A right-handed helix becomes left-handed if 
looked at from the other end ; therefore when the wire of a right- 
handed helix returns over itself^ by continuing to wind in the same 
direction, the upper layer becomes a left-handed helix ; bnt as at 
the same time the direction of the current reverses as regards the 
core, the mutual reaction of wire and core is the same in all parts. 
The figures speak for themselves, and show the mutual mole- 
onlar relations as well as those of electric and magnetic polarity, 
the effects produced, and the reasim of them. 
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404. Fig. 76 carries these relfttiona a stage &rther. The electrio 
conductor is shown as a line of nwlecnles upon the arrow vbich 
marks the direction of the current; four magnetio bars Biirronitd it, 
above, below, and on each side, and the molecnlar arrangement of 



these shows at once why they place themselTes u they do (aesnimi^ 
the earth's influence to be nentralized) : the ends of the two side 
unlets correspond with those in Figs. 74 and 75, as the other 
two m^neta do with the bars in those figures. It will be seen^ 
that the magnets arrange themselres as though the lines of polari- 
zation were actually eorrents all made parallel with the current 
itself" and just as tiie correspondii^ helices would if currents were 



405 . We have now to consider how the magnets react. A magnet 
is not merely a bar of metal; it includes in its energy the snr- 
romiding matter in which are completed the lines of magnetic force, 
and whioh conBtitutes what is called a magnetic Jteld, whi^ field is an 
int^ral port of the magnet. When a magnetic eubetance is near, it 
draws these lines towards itself, and by entering them becomes 
magnetized, but in ordinary conditions we may regard the lines of 
force as enclosing on elliptic space round the magnet, and treat 
Fig. 71 as a section of a m^net and its field. But F^. 77 gives 
• See Ampere's ' Theory,' p. 73 . 
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tbe ideft more compleiel;. Frmn it we can see that the lines of 
foroe of the field, which enoleee the ellipse, ma.j be looked at from a 
twofold aspect. They are commonly treated as set np by the poles 
of the magnet, and as completing the circnita of maytietie polarity ; 



for many pnrposes it is deeirable to so regard them, and this view 
is presented by the elliptic lines. Bat we may with equal troth 
consider that the polarized condition is set up by the circnlar 
polarization of the m^net forming the vertical circles, and so regard 
the elliptic or magnetic lines as being set np indirectly by the 
action at right angles of these circle. We ehall thus nnderetand 
why the induelive power of a magnet is so mnch greater at its 
middle, while its altractitie power is so mach greater at. its ends. 
The attraction is a function of the general law that parallel cur- 
rents attract each other ; there is, in fact, in all spiral oondnctors 
a tendency to dose np, becanse of this attraction between all the 
partial currents. Now, if we conceive another figure like Fig. 77, 
brought near it endwise, it is evident that to make the lines of 
polarization alike, the north end of one must be presented to the 
Bonth end of the other, and that then not only do the circles of 
the bars agree, while all the circles of each magnet, internal and 
external, attract each other, bat the projecting lines of force of each 
magnet become incorporated with those of the other, and the reenlt 
is a sew elliptic field. 9enoe, naturally, long magnets have the 
greatest attraotive power, for they may be regarded as such com- 
binations of smaller ones, combining their magnetio force, just as 
the union of galvanic batteries in series combines their electro- 
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motiTe forces. But u to induction, it is evident that the enienial 
circles are afiected hj those of the bar more powerfully at the 
middle than those at the ends can be by the whole length of 
the magnet, as this in£tienoe obeys the law of the squares of the 
distance ; therafore, speakUig rotighlj for illnetratiou sake, if we 
consider the inductive action of each circle of the bar to be equal, 
and call it lo, a circle at the middle will have a force of 20 eserted 
upon it by the two end cindes, but a circle at the one end will be 
acted npon by the middle, 10, and the oth^ end, whose distance is 
doubled, will give only 10 -i- 2* or 2*5, a total of 12 '5 upon an end 
circle against 20 on ^e middle circle. This is the reason why a 
coil of wire with a current passing through it will draw a magnet 
into its middle, or vice lerni, the arrangement according with 
that shown in Figs. 7^ and 75, while a magnet with the opposite 
arrangement placed within a coil will be forced out. 

406. If we examine the actions which will take place upon the 
molecules of a conductor rerolving in any position among the 
lines of force of a magnetio field, as shown in Fig. 77, p. 326, 
we shall see that different effiiots may be anticipated according to 
the direction of the motion ; we shall be aided in examining the 
effects if we i^iard Fig. 7j, p. 332, as a vertical cross section at 
Fig. 77. If the axis of motion be in the central line, NS, and the 
motion takes place in the circles of Fig. 73, the molecules suffer 
no chaise of position as regards either tneir relation to 8 or to 
their arrangement in the moving wire ; hence no ef^t can result. 
If the axis be lowered, so that the motion takes place below the 
central line, it will be seen that each molecule, in order to retain 
its relation to the magnetio field, must in each revolution rotate 
once on its axis in relation to its accompanying molecules in the 
wire itself. This is evident in Fig. 78, which 
re^itesents a ring of wire rotating on the centre 
«, in the direction of the outer arrows, below 
the magnet S, of which the dptted circles are 
the lines of indaotion. It is obvious that the 
molecules forming the wire, in order to keep 
their relation to these circles, tnm on their 
axes in the direction of the small arrows, and 
in doing so set np a corrent in the wire. This 
«EpZanatM>n is, at course, hypothetical, but it 
iaafact&tA&e motion of the oonduotor under 
these conditions does produce some action 
within the wire which reeolts in an electric 
impulse. This figure brings before the eye also the different 
external polar actions of such a ring, for it will be noted that the 
molecules on any diameter have the opposite extoemities turned 
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towards anj wire which may be imftgined in contact, and therefore 
wonld induce opposite polar conditions in snob wires ; so that if the 
wires were connected a current wonld be produced in them : the 
molecules at a and b on the Tertioal line, it is obviona, wonld in 
this case exert the greatest induotive power. 

407. If a plate of metal is Terolved onder or above a magnetic 
pole, or between the poles of a horseshoe magnet, bat below the 
middle line of the poles, as new sets of molecules are brought into 
action, sets of opposing cnirents are set np in the condnctor, and 
can be oolleoted hj means of a pair of springs, one pressing on the 
centre of rotation at e, in Fig. 76, and the other on the ciicnmference 
at the points where the onrrents meet, which in the latter case is 
on the radios between the poles of the magnet, or at a. Fig. 76. 
These currents develop a great resistance to motion, and the con- 
dnctcff itself becomes heated. This was the first form in which 
Faradaj demonstrated the setting np of an electric cnirent by 
motum of a condnctor vithin a magnetic field. 

If a bar of iron be snrroanded with a helix of wire a current of 
induction is set np when the iron is magnetized, and another in 
the opposite direction when it loses the magnetism ; or the same 
effects are prodnced if a magnetized steel bar is inserted into and 
withdrawn &om a helix. If a helix is wonnd npon the arms of a 
hraseshoe permanent magnet, onrrente are in like manner set up 
whenever the armature is applied to or removed from the magnet ; 
when a perfectly fitting armature of enfficient size is applied to a 
magnet the capacity of its metal for magnetism absorbs all the 
energy the magnet can exert into its own mass ; the magnet then 
becomes inert as fiir as external iuflnences are concerned ; hence 
the application of the armature is tantamount to destroying the 
magnetism, so far as external relations are concerned, as stated 
p. 76. 

408. All the practical forms of magneto-electric machines are 
based npon some of these principles. The earliest and simplest 
form consists of an armature of horseshoe shape revolved acrces the 
poles of a horseshoe magnet. The wire is so womid that if the 
horseshoe was straighten^ out, it would form one continuons helix, 
and in order to do this, it is usually wound on two similar reels, 
the inner ends taken to the commutator, and the outer ends con- 
nected together. When such an ormatare revolves over a magnet, 
the two ends are in oppoedto conditions, and therefore whatever 
action tends to develop a -|- condition at one end of the wire tends 
te develop a — condition at the other end, and therefore both coin- 
cide in prodacii^ a cnrrent through the wire, as explained § 401. 
We may, therefore, examine the action npon one end d the wire in' 
a complete revolution. Let a, Fig. 79, be Uie end of one helix 
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resting on the neutral line a i> of the magnetic poles N S, and the 
line of motion be from a to N. North magnetism is being gained ; 
and let ns aesnme that the relation of the 
helix is snob that this renders the end +. 
As soon as a passes N its north magnetism 
is bdng l<wt, hence the wire reTerfies its 
poUrity; as soon as a passes the neutral 
line it begins to gain south magnetism, and . 
(as goiniug noTt£ makes it +) this gives 
it — polarity, which on crossing S, and 
when the south magnetism is being lost, 
i^ain becomes + . We have thus fonr elec- 
tric impolses which, being however in 
oonples, and not alternating, resolve them- 
selves, OS may be seen, into two electrie 
conditions. By means of a commutator on the line N 6, there- 
foie, a cmrent can be obtained in one direction, though not con- 
tinnons, but composed of the action of four distinct impulses, 
analc^ns to the varying electromotive forces set np by discharge 
of a condenser. A great part of the energy is lost also at the com- 
mutator, where a spark is produced if titere is an actual break of 
circuit ; for this reason it is nsnal to make the change of cironit in 
a diagonal line, instead of in the line of the axis, as shown Fig. 8o, 
in order that the spring may not jump &om one to the other, but 
press on both togetiier for an instant. By this means the spark is 
avoided, but the energy it represents is none the less lost, as it passes 
by the short circuit thus formed. 

409. It must be nnderatood that the point of change is not 
pracltcaUy upon the line N8, but upon a line in advance of it, as 
shown by the dotted line, Fig. 79. The reason is that the various 
molecular changes, and espeoiaUy the absorption of magnetism, 
require time ; hence the line of actual break will take a position 
dependent upon the quality of the iron of the armature and iq>on 
the rate of rotation ; it is evoi possible to conceive a rate of rota- 
tion such that no eSect is produced at all, and in practice the 
motion cannot be advantageously increased beyond a certain rate, 
at which the maximum effect is produced. 

In some instruments, notably in Ladd's dynamo-electric machine, 
the break of the coumiutator is placed on the line a b instead of 
on that of N B, the reason for which I am not able to give unless it 
lies in the forgoing remark, the rotation in this machine being 
very rapid. There are also some complications in die action 
siuular to those examined, g 417, which may also render this mode 
of connection advantageous. 

41a SisuBirB' ABHATUBa. — ^AU the early forms of magneto- 
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eleotrio nuoliiiies oonsUted of a rotetmg horaeeboe annatnre, snbh 
M just deaoribed ; this plan, however, involyee groat loss of power 
b; &iotion and by chnming the air. Nowadays thia form ia 
employed only in the common machines made for medical porposes. 
The form of armature shown in Fig. 80 was devised by Siemens to 
avoid these evils. A is a solid soft iron armature of a sectioit 
resembling that of an Q girder, with the faces turned down to ares 
of a cirole. The wire is wound longitadinally, as shown in seotitm 
in the middle of Fig. 81. The ooil may be oovered with a sheathiag 



L 1 



of wood BO as to form a solid smooth cylinder, in which case grooves 
are turned in the face to contain &6teningB to hold the wood in ita 
place. On the ends of the armature, brass plates are aeonrely 
screwed to form the axis of rotation, and carrying at one end p, the 
driving pulley, and at the other end the commutator, c. This 
consists of a cylinder of ebonite fixed upon the axis, upon which are 
secured the two halves of a gan-metal cylinder, cut diagonally, as 
shown ; the ends of the wire of the armature are led through the 
end pieces and seonred to these. Frequently one of the connecting 
pieces is fixed to the axis, and one end of the wiro to the armature, 
instead of isolating both. Springs like 0, fitted with a turned pad 
of steel or other metal, press apon the cylinder and take up the 
current ; they aro neually made in one piece and cause great 
pressure and wear ; it is better to out them down as shown, in order 
to give more elasticity. This form of armatoro is used in many 
maohinee, one form, for medical use and Eimall experiments, consists 
of several eteel magnets of a circular form, with a circular opening 
cut through to form the poles, in which the armatore rotates. The 
currents &om these, or any armatures, obey the same laws as those 
of induction coils, to be considered herewFter. The quantity, or 
onrrent, depends on the size of wire used ; and the electromotive 
force or tension set up, upon the number of turns. 

^11. Wilde's Maohdtb. — In this there is a new idea developed 
which has proved very fruitful. Instead of using the enrrent 
produced by the aimatore of a magoeto-eleotrio machine in 
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direct work, Ni. Wilde passed it into s large electro-mi^net 
itself fitted up in a similar manner, and obtained &om this a gtMitly 
increased oorrent, which might be used, or might again be trans- 
mitted to a atm larger electro-magnet. In faot, the apparatoB 
is based npcm the conception that " a current or a ntagnel ind^nilely 
leeak can be made to induce a current or a magnet iTideJinilely etrong" 
by using it as an agency to convert mechanical eseitiou or energy 
into electrictd ooirent. There bare been many fisnnB of instm- 
ment since dcTised, bat all depend upon this fundamental idea. 

Fig 8 r will explain the principle of constrnotion : a, a, are two 
blocks of cast iron of such length as may be required in each ease ; 
they are separated by blocks of wood or other non-m^netic enb- 
stance, and bolted together by brass or copper fastenings ; a 
cylindrical opening is bored throngh, in which the armatore, 
Fig. 80, rotates. At the proper intervtds there are lugs, as shown, to 
which are to be bolted the actual mi^ets, either steel or soft iron, as 
required : a, a, form, in fact, the poles of a compound magnet, and, 
if preferred, may be made in separate pieces for each magnet ; all 
suriaces in contact with the true magnet should be carefully faced 
so as b) secure a large snr&oe contaot. Cast iron is better than 
wrought iron for these polar pieo^ because, like steel, it assumes the 
magnetic condition, and this enables it to play an important part 
in Uie eleotro-DU^ets : these are charged only by the current tnm. 
the first armature, and, as seen, § 408, this is intermittent. Bat it 
'is desirable to keep the magnetism constant, partionlarly as each 
change in it is accompanied by a reacting current in the wire, and 
consequent waste of energy ; the cast-iron polar pieces, by their 
resistanoe to demagnetization, maintain the magnetic condition in 
the iron connected to them : they thus serve the purpose of the fly- 
wheel in engines, as they convert the intermittent magnetizing 
impnlsea of the armature inte a steady magnetism in the iron. 

The arrangement of the machine itself is simply a matter of 
mechanical convenience, for the two parts are qnite distinct It is 
made, however, with the large electro-magnet on a stand, and the 
small permanent magnet fixed above it, each with a driving strap 
&om its armature te a pulley on an engine or driving shaft. 

412. Lasd'b Maohehk. — Shortly after the publication of Wilde's 
machine, the idea occotred to several elcctrioiaDS, among others 
Kr. Siemens and Sir Chas. Wheatstone, that the permanent nu^et 
might be dispensed with, and replaced by an electro-magnet ; the 
first idea was to charge this by a momentary current &om a battery, 
and then to send the current &om the armature iuto the coils of 
the electro-magnet itself. But it was at once fotmd that the 
original idea of WUde might be carried much &rther. Any iron 
once magnetized retains a feeble trace of " lesidnary magnetiian," 
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and the etrth itself uLdnces a dight magnetism in iron properly 
anai^ed ; it wm found that this ^ight magnetism was anffioient to 
start with, that it contumally grew, as the onrrent it developed 
retomed into the wires, until the sattirated condition was attained. 
Then the cnnent might either be diverted for a short time to an 
external circuit in which momentary currents only are required, 
and such instrtunenta are applied to telegraphic purposes : in oth^ 
cases the onrrent of the armature could be divided into two or more 
" derived eirciiits " with redstances arranged so that the requisite 
proportion should be sent into the eleotro-maguet and the rest be 
ntiUzed. 

&[r. Ladd devised a convenient form of applying these later 
ideas. TTia instrument takes several forma, bnt Fig. 8i will enable 
its [vinciples to be understood. In one form there are two such 
end pieces as Fig. 6 1 ahows, connected by electro-magnets formed 
of boiler plate folded np into a flattened cylinder ; one armature is 
used to generate a onrrent which passes into tlie coils of the electro- 
magnet ; the other supplies the correut which is to be utilized for 
external purposes. 

In anoth^ form, <me of these ends is replaced by a cast-iron 
oroh oonnecting the two electro-magneta into a single horse- 
shoe. The armatnte itself is, however, made oompotmd ; instead 
of A, Fig. 80, being a single piece, it is cat into two, separated by 
a brass plate in the middle, by which they are secured at right 
an^es to each other, forming two distinct armatures acting alter- ' 
nately, and employed in place of the separate armatures of the 
other form ; of couTse a oonusntator is also fitted to the other end. 
If preferred, two wires might be wound upon one armature and 
used for these two purposes, 

413. The Gramme JSachtTie. — In this, the latest development <tf 
electro-magnetiBn, a new principle has been ^ain developed, bat 
the instrument itself is as yet so little known t^t its prinoiplea of 
action have been very imperfectly studied. The main practical 
distinction between this and all other forms of magneto-electric 
machines is this, that it furnishes a uni/brnt and eomtanl earrenl in 
one directum, ivbile all others give intermittent and alternating 
onrrents, which have to be arranged by the commutator. The 
reason of this is easily seen ; in all the other machines the wire in 
which the current is set op is constantly altering its position in 
the magnetic field, and is as a whole subjected to a growing and 
diminishing action in two opposite directions, hence the electro- 
motive force set up is of the nature of a attMeanon of waves alter- 
nately rising above and sinking below the zero line; and the 
current resembles the stream set up by strokes of a pomp. In the 
Gramme machine, although each part of the wire is constantly 
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cliaiigiiig its relation to the acting magnetic field, yet the wire, aa a 
whole, never changes its Telation to, or position in the field ; hence 
the indoctiTC condittoos set up are constant; the electromotive 
force set o.'p is of the nature of a eonilattt faU of water, and the 
current is a steady stream. To understand bow this result is 
arrived at, it is uooessar; to examine the apparatus and the 
conditions from several distinct points of view. 

414. GaAnuE's Arhatubi:. — The essential distinction of the 
maohine lies in its armature; this term is scarcely correct indeed, 
but I use it for the express purpose of keeping ap a connection 
with the ideas which the other machines set np. This armatnre is 
no longer a bar, or a borsesboe, but a complete ring of soft iron. 
The wire is no longer a length of wire having two ends forming a 
constant circuit ; it is a continnona and endless piece of wire wonnd 
over every part of the ring. The current does not fiow through 
this circuit in its entirety, first one way and then the other, but 
two opposing currents fiow in those parts of the wire which occupy, 
at each instant, a fixed relation to the inducing magnet, or rather 
no current flows at all (considering, that is, the circuit itself), but 
two equal and opposite eleotrtmiotive forcM ore set np, wbicb 




unite in producing current if an external conductor is provided. 
When the oonditiona of this armature are perfectly understood, it 
will be seen tbafr all the other parts of the machine, and its electric 
actions, are identical with all the other forms. In it, as in tbem, 
either permanent or electro-magnets can b^ need, and these latter 
can be excited by the machine itself, exactly as in Ladd's machine. 
Fig. 82 explains the construction. The wire is wound continu- 
ously in the same direction upon the iron and its two ei^ joined 
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t(^;ether ; but thongh tliifl win is endlees, it ie neoeflsuj that there 
should be « constuit oonnectumwith it at the pranta wheie it ie cat 

hj the Tertical line -| ; lookiitg at tkearmaturt tu a icb0le,and as 

regards its relation to the magnetio field, the eleotromotiTe forces 
set up are shovu by the arrows which, it will be seen, represent 
the same oonditions as a pair of eqnij batteries connected with 
their forces opposed, as regards themselves, bnt in multiple arc as 
regards an external circuit. In such an external circuit, therefore, 
th^ combine to set np a onrrent ; if no external circuit is provided, 
no cnrrent is generated. Bnt the different parti of the anuatttre, as 
it reTcdves, are constantly changing their positions in the field, 
and therefore a temporary or shifting oonne«^tion to the wire has to 
be made as each of its turns orosses the vertical line. If the wire 
were a single layer, this coold be accomplished b; exposing its 
exterior snr&ce and arranging a spring to touch at each point. 
Praoticallj, this same condition is attained by dividing the wire 
into a great number of equal sections, and ^taching a condnotor to 
each section in snch way as to act as would the sin^ turns of the 
wire itself. This is effected by bringing these conducting branches 
out to an insolated cylinder faced with as many insulated contact 
pieces as there are sections of wire to be connected ; this is shown 
by the dotted lines in the fignie which represent the connecting 
vrires ; springe pressing on the oontaot pieces mabe, practically, a 
constant connection with the two halves of the circuit on iko 
vertical line. In the machine itself these springs are replaced by 
brushes of wire thick enough to press on, at least, two contact 
pieces. The object is to prevent any actual break of oontact in 
order to avoid the prodnotion of sparks at the commutator ; there 
is also less mecfaamcftl lesistanoe than a strongly pressing sprii^ 
wonld cause. 

415. We have only to conceive this armature inserted in the 
place of the Siemens' armature in Fig. 81, p. 330, in order to follov 
out its relations to the magnetio field, and to trace out the points 
in which the Gramme machine difiers from the others. The real 
distinction has not as yet been defined jn any of the attempted 
explanations of the machine. In all other forms the armature, at 
a whole, reverses its relation to the magnetic field, and aewtmet tioo 
dUlind coiuUUofU at different timet. £1 the Gramme, the different 
parts of the armature assume these conditions meeemoely, and thos 
set np a i^tation of the moleoules of the wire as in other machines ; 
but, aa a tehole, the two distinct eondilions are assumed at the same lime 
in tiie two halves of the armature on each aide of the vertical line 
in Fig. 83. 

In the revolution of an ordinary armature, the electrtnnotive 
force set np in the wire, as a whole, varies with its distance frion 
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Hie indiuang magnet, and, in oonsequeuoe, the cnirent produced is 
variable. Now, the Tarions eoctions of the wire of the Gramme 
oconpy all these different podtionB at once ; the ooneeqnent variable 
eleotromotiTe forces are, therefore, generated in them as in the 
ordinary armatoiea ; but these sections being connected together in 
eeries, thej act exactly as do a serieB of cells of different electro- 
motiye forces, and the reenltii^ electromotive force in each of the 
sides of the ring is constant, and is the sam of all those of the 
sections it contains. The action of the two halves of the ring A 
(Fig. 82) corresponds, therefore, in all respects with that of the two 
equal batteries, shown in B as coapled in multiple arc. In both 
there are equal opposed forces resulting in static eqnilibrinni, and 
in both there is combined action on an external circuit. 

The wires may be stout or fine, according to the current required, 
or each section may consist of a flat ribbon wound in a tight spiral. 
The resistance obeys the law of derived circuits, and is, therefOTe, 
one quarter of that of the lei^h of wire employed. 

416. TsBORT OT THE Gbakhi. — The foregoing is an accurate 
description of what really occurs, but the manner in which the 
efEect is produced is by no means clearly understood, nor do the 
several very elaborate explanations published at all clear the matter 
up. The result really appears to be the residuary or ultimate 
effect of several distinct actions, some co-operatiug and some 
opposing ; part of the eSeat is due to the magnetizing and de- 
magnetizing of the successive parts of the rotating ring, each of 
which actions reacts upon the port of the wire surrounding it ; part, 
again, depends upon Uie effect produced upon the wire itself as it 
traverses the m^netic field. 

If we place a short helix upon an iron bar which is magnetized, 
and slide it. along the bar, a current is produced in the wire, variable 
in different parts of the bar, because of the different indnctive 
effects. If the bar were olosed into a ring, magnetized bat having 
no poles because it is a closed and self-contained magnetic circuit, 
a constant current would be set up in the moving helix. If two 
such bars were joined into a ring with similar poles opposed, the 
onrrente would be variable and would change in direction on 
crossing the polar junctions. Fig. 83 shows us that the ring of the 
Gramme forms suc^ a pair with the similar poles on the line n *, 
we may therefore regard each section of the wire as the helix 
traversing the compound ring or stationary magnetic circuit ; but 
beside the efieot due to this, as the metal of the ring moves, its 
moleonles nndei^ the usual changes which react inductively on 
those of the wire, jnst as though each section were a separate helix 
with a bar undergoing the process of magnetizing and demag- 
netising. 
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These we the prinoipleB developed hy Count dn Monoel and M. 
Gftagam, so &r as tlie^ can be extracted &om the mathematical 
ezpreeaionB they employ. Fig. 83 ifi modified from one given in 
the ' Mechanic's Magazine,' April 27, 1872, and therefore I give 
with it the explanation there given, aleo eomewhat modified. Let 
ns i«Bard the torn of wire to the left of 5. As the ring rotates in 
the £reotion of the arrowa, the face of the iron on the line 5 
becomes more strongly N as it approaches the indncing magnet N ; 
when it passes the point 6 it becomes nentral 01 nearly so, and this 
change induces a current in the wire. After it passes the point i 
the face becomes S with an intensity diminishing as fiv as the point 
2, and then increasing till it passes 3. Each of these changes sets 
np its equivalent current as diown by the arrows in the ring. The 
conditions are therefore analogous to those shown in Fig. 79, p. 3 29, 
and eaoh sncoeBsive seotion of the wire develops the E M F appro- 
priate to its own relation to the inducing magnets, and to tlie 
magnetic action taking place in tbe ring within it. 



417. Fig. 84 is an endeavour of my own to trace out the sum of 
the actions. In it we regard the magnetic field set up and neglect 
tbe rotation of the iron ring altogether. It is evident that tbe 
wide poles, N S, of tbe inducing magnet must set np two dittind 
magnetic JieltU in tbe same direction, as shown in the dotted lines, 
corresponding to the ellipse of Fig. 77, p. 326. On this view the 
; consists of two curved bar magnets, with their fields, and 
1 polea having a neutral space between. We may 
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then examine the action in tbo wire by co&Bidermg a single eection 
as a short helix moving ovet the bars. Starting from S in the 
npper bar, it is exposed to a growing induotive action, till it 
reaches the middle line, where all the inductive actions of the 
principal magnets, and of the inclnded bar, are at a maximum, and 
tend to make the wire led out to the commutator positive, or +. 
When this helix traverses the lover magnet, the same oonJditione 
recnr, but tending to make the same wire negative, or — . There- 
fore the points intersected by the vertical line -) are those of 

high and opposite inductive influence, tending, whenever a con- 
dnotor is interposed, to set up a current externally, and dividing 
internally bj the two branches ; and it wotdd seem probable that 
this condition has an important inflnence on the result actually 
produced. 

But we may also regard the space between the dotted lines of 
Fig. 84 as a single magnetic field, the conditions of which will 
then be represented by the circles of Fig. 77, p. 326 ; by the aid 
of this figure 'we can trace out the molecoUr conditions which will 
be set np in a small heUx traversing a circular path in the field, 
which will be nearly represented by the thick lines in Fig. 77 if 
we conceive the ring of molecules forming the end of the bar to be 
Strang upon this thick line. In the vertical position at the top it 
will be seen that the lower half of the ring would be exposed to a 
force tending to reverse the position of its molecules, but that the 
forces which tend to maintain the position are the greatest : by the 
time the ring had reached the lower vertical position its molecules 
would have had to make a semi-rotation in order to retain their 
relation to the field ; on paeeing the line S N, the ring being then 
horizontal (instead of vertical, as drawn in Uie figure), the mole- 
cules of the wire would be arranged across the wire instead of 
lengthways ; in this position also, each side of the wire being exposed 
to similar conditions, there is a conflict of forces, and the actual 
position assumed would be that due to the excess of the variouB 
forces acting in one direction over those acting in the other direc- 
tion. It is Uierefore evident that no single way of looking at the 
action of the armature of the Gramme can possibly explain the 
effects produced. 

418. CoHBTBTTcnoN. — In the machine which was employed to 
supply the light at the Hou^s of Parliament, and which was also 
exhibited in action at tlie works of Messrs. Wheildon and Cooke, 
the side-pieces or poles N 8, in Figs. 84, 85, which correspond 
to the blocks a a. Fig. 81, p. 331, consisted of two massive rect- 
angular blocks with tiie inner &ces turned true ; to each of those 
there were secured three circular electro-magnets above and below, 
the othra ends of these were secnred in massive iron plates, thus 
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forming the fhunewoik of the machine. Fig. 85 is a Tertical 
section, and Fig. 8fi one throngh the middle horizontally. It will 
be eaeat that Uiere are three separate rings, one of which supplies 



the cnrrent for the electro-magnet ; the other two are connected 
as one to the commutator for the external work ; c c are the com- 
mutators, to which connectionB are made &om an insulated frame 
attached to N and 8 at each end. 
In this machine the reslstanoeB were — 

The main eleotro-magnets Ohms 3*6 

The ring for excitii^ the magnets .. .. » '57 
The two rings for external work „ '37 

Its oleotromotiTe force increased with the rate of revolntion, its 
best working power being abont 310 revolutionB per minnto. 

At the Houses of Parliament it was worked by a steam-engine 
in the basement, the current being conveyed to tJie lamp 479 feet 
distant, by means of copper rods -^ inch diameter, and about 
1700 feet long, according to Mr. Douglass' report. Making 389 
rerolntions per miunte, it absorbed 2-66 horse-power, and gave a 
light equal to 3066 standard sperm candles. 

419. Batio of Cohvxbsion or Enxbot. — Dynamo-electric ma- 
chines unquestionably fumish the electric carrent at a coEt lower 
than that of galvanic batteries ; bnt, as yet, no one knows what the 
actual TolatiTe cost is. The makers always express their work by 
saying that they will heat so taany inches of pktinum or iron rod 
of such a size ; this kind of measure is quite indeterminable, as may 
be seen p. 142, § 193, especially as the conductivity is very varia- 
ble : others say tliat they are eqnal to so many Bonseu's c^Is, and 
that they take about so much horse-power to drive. No one seems 



D,o,l7PCihyGt.)t>*^le 



BLECTRO-UAOHBTIEH. 339 

to have yet perceived that the esaeutial Teqniremeiit ia to ascertain 
exactly, on one hand, the energy expended, snoli aa the indicated 
horse-poffet employed in driving, and, on the other, the actual 
carreat developed in some definite nnit (auob aa the British Asso- 
ciation veber or my ohemic) in a known resistance, and under dif- 
ferent conditions of resistance ; &om these data the actual energy 
utilized eonld be calculated. 

However, I have done this for one of Ladd's machines in a series 
of experiments carried out in conjunction with Mr. Desmtnid 
6. Fitzgerald. 

The machine employed was the form made for i man-power, 
whidi Mr. Ladd says will heat to whitenesa t8 inches of platinum 
wire 'oi inch or lo miU diameter. Its resiatanees were — 

The inducing mt^et Ohm '815 

Magnetizing tumature „ *ii2 

Working circuit „ „ '139 

Each turn of the handles gives 15^ turns to the armature. The 
work done when a foir rate of motion was attained was propor- 
tional to rate of revolntion, 41 turns of the handle givii^ ) cubic 
inches of mixed gases in a large snr&ce voltameter, iriiether turned 
at 80 or 160 turns a minute; about 78 turns a minute were as much 
as a strong man could maintain for any considerable time, and at 
that rate it takes i a - 2 minutes to produce one equivalent of the 
gaaes, the meohauical equivalent of which (p. ais) is 6841 foot- 
pounds. The energy expended per man-power is considered to be 
^ of a horse-power, then 33000-^6 = 5500, and this multiplied 
by 12*2 gives 67,100 foot-pounds, or about one-tenth of the 
meobanical energy is utilized as current. 

420. As this process is not exact, we arranged a mechanical 
apparatus in which all the details oould be exactly tested. This 
consisted of a rope driving a barrel and multiplying wheels, by 
which the machine itaelf could in turn be driven at any suitable 
velocity, by means of a heavy weight &lling through a distance of 
3 3 feet in a^ minutes, so tlut the residual eue^y of the wei^t 
might be disregarded, and the extra weight required at each staige 
of experiment represented actually the work th^i under examina- 
tion. I. Weight was used enough to work the driving apparatus 
alone, a. Weight was added to drive the machine, with the 
armature exchanged for a pi^ce of wood, to test the simple friction, 
which absorbed nearly half the total energy required to work. 
3. Extra weight was used as necessary to drive at di&rent rates, 
with varying resistances interposed, and the current produced was 
carefully measured under the various conditions. 

The r^olt agreed with the first experiment ; tlie work in foot- 
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poondfl b; the formula I? x B came closely to one-teutli of the 
wnoimt of the weight mnltiplied by 3 a, that is, the foot-poonds 
mechanical energy expended. This is about the some ratio as the 
Bteam-engine ruJly ntilizeB of the energy of coal, and if this ia 
anything more than a special case, it woiud appear that we might 
reckon the cost of electricity thos obtained as ten times the cost of 
steam-power, which it will be seen in § 433 is -001 1 per eqnivolt, 
bringing that of electricity to 'oi 12, which figure may be compared 
with those in Table VL, p. 110. 

421. It has been stated that SCarcns, of Vienna, makea dynamo- 
electric machineB which worked by i man-power are eqaiTalent 
to t, Bmisen cell consuming 500 grains of zino per hour. If these 
figures are true, the resnlt is very much better than that just 
shown. 500 grains of zinc is abont i ; equivalents, aud taking the 
data of Table VL represents (15 x i '6) 24 eqaivolts produced. A 
horse-power 3 jooo X 60-^-4673 = 425 -7 eqaivolts, that is to say, 
• man-power expended is only 70-6 equivolts, which gives us one- 
iDird instead of one-tenth utilised. 

433. Work of the Qramme. — I was unable to measure either 
vork expended or utilized in the Gramme machine with any 
exactness; some experiments have been published, however, in 
which the work in silver depositing done by a Wilde machine and 
one of Gramme's was compared. It is said that i horse-power 
was used, but it is uncertain whether each machine was so arranged 
as to utilize the power to eqnal advantage. The average of a series 
of expeiintente with an anode of 57*62 square feet shows a deposit 
with the Gramme of 26 ' 69 ounces of silver per hour, and wi& an 
anode of sQ'Si square feet 20*55 ounces, and with the Wilde 
I6-53. 

It is stated that the Gianuoe gave an electromotive force equal 
to 2 Bunsens and a quantity of 3a. Now if the E M F is correct 
and is taken as 3*2, then 20-55 ounces being a current of 913*3 
obemics, or t6o* S vebers per second, brings the resiBtance of the 
circuit to '0199 ohm, which is a very nnlikely-looking resnlt. 
But working on these data gives us the mechanical equivalent of 
the currrent of the Gramme as 293-3 ^ui^olts against 423*7 
used (i horse-power), beiug 69 per cent, utilized. The WUde, on 
the samedata, gives 189 eqnivolta, or 45 per cent, utilized. M'either 
of these results appears tmstworthj, 

423. IIneboi 01* FuxL. — In studying the present subject it is 
necessary to understand clearly these relatione of energy, and this 
is easy by the aid of the eqnivolt unit. According to the table, 
p. 212, the energy of carbon is 9624 foot-pounds, or z'o594equi- 
volts. But in nuffit treatises on heat, it is usual to value the work 
of fuel, &c., in terms of units of heat, generally that amount of 
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heat which will raiee i pound of water i° Fahr. in temperatare : 
each Talnra can be converted into the equirolt by dividing hy line 
28, Table XVII., p. 217, or by mnltiplying b; its reciprocal -166 
or Log. ~i-ai3cx>99. On this system, according to Favre and 
Silbermann, the value of oarbon per lb. ie ii,go6 unite, and of 
hydrogen 62,535. According to the Government ezperlmeuts on 
ooal the average of Eng^h qualities may be taken as — 

Carbon, per lb. ^ •813x12906= 10480 

Hydrogen (available), per lb. '041 x 6^535 = 35^4 

EquivoltB, per lb. 2i54'9 = I3044 

Taking the price of coal as 2o», per ton as an average fignre from 
which actual cost ia readily derived under any circumstances, we 
get the cost of coal per lb. 'IO71 of a penny, and per equivolt 
' 00004^7. We must next consider the proportion of this actoally 
utilized in ordinary steam-engines. This will depend upon their 
consmnptiou per "indicated horse-power," and this varies from 
2j lb. per hour in the best engines to 5 and 6 in common ones.* 
A horse-power is 33,000 foot-pounds per minute, or 1,980,000 per 
hour = 423*7 equivolts;! if, then, we take 4 lb. of c<:^ per hour 
as an average consumption, this brings the practical mechanical 
equivalent of the pound of coal to 1 05 ' 9 equi volts, and the prac- 
tical cost of steam-power per equivolt ' 00 1 1 2 of a penny. On these 
data the avenge steam-engine utilizes only one-twentieth of the 
potential enei^ of its fnel. 

A man's power is usually taken as i that of a horse-power, or 
706 eqoivolts, and at 8d. per hour, costs per eqmvolt "1133 of a 
penny. 

424. ELEOiBO-UAONETia ENaiHES.— Many attempts have been 
made to drive machinery by means of electro-magnetism, but all 
are failures. A sketch of the fundamental principles at issue may 
serve to prevent readers &om wasting their time uselessly, or to 
guide them in the only possible useful direction. The considera- 
tions examined, § 426, will show that electro-magnetism cannot 
possibly compete with the steam-engine unless a very cheap source 
of current can he obtained. But for some small kinds of work, 
where only momentary or occasional action is necessary, and the 

* THe indicated horse-power is asnallf employed ai the measure of work and 
merit of an engine, but it b not really so, as it does not allow for the friction of 
the engine itself. The correct ralne can be ascertained only by some kind of 
dyDamometer which measorea the actnal mechanical energy eierted at the driving 

Culley of the engine per indicated horae-pcwer developed n the cylmder, as this 
itter measures the proportion of energ; of the fuel transformed into pressure on 
the piston hy the agency of the boiler and cylinder. 
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mere ooet is of dight moment compared with conTenieDce, electro- 
magnetum may be adTuitageoiialy naed to do meolumioal work, ss 
in&ed it does wlienerer emplojod to ring a bell or give a ugnal 
in telegnpby. 

EogiooB most be of one of two dIabbm. (i) Rotalory, in which » 
Beries of ftrmatnres are mounted on a wheel acted on hj several 
electro-nit^netfi arranged at different dietances &om an armator^ 
and each is in tnm thrown into circuit to act on an approaching 
armatnre ; this ie effected hj having more annatnree than magneto: 
the armatoies may be iron simply, or they may be electro-magnets, 
in which case repulsion may be employed aa well as attractioB. 
(3) Becipncating, like the beam steam-engines. In these ananna- 
tnre on a lever is atb'acted and released by an electro-magnet, or 
the lever may be double and so made into a beam with a magn^ 
on each arm. The greatest effect has been produced by using 
hollow helices, the lower half containing iron, with a plunger of 
iron to be attracted into the helix. In eiQter form the commutator, 
which is actuated by the moving axis, must be carefully arranged 
to throw the cnrr^it into the proper drcnit only while it can do 
effective work. 

It is important to give the armature aa little motion as possible, 
because the effect of distance is to decrease the attraction in a ratio 
at least equal to the square of the distance, § 429, while power 
can be gained mechanically by leverage at the equal ratio of the 
distance or length : therefore the driving point should be at a 
greater distance from the axis than the armature is. 

43^. A new constmotion of electro-magnets has lately been 
published by Hr. J. S. Camacho. I tried the some principle some 
time ago, and it greatly increases the power to be obtained. Instead 
of a solid or single core of iron aurrounded by a helix, the construc- 
tion is compound : an ordinary small cylinder and helix is sur- 
rounded externally by another cylinder of iron and a helix, and so 
on, thus placing a large part of the inducing currents in the 
interior of the magnet itself, and securing a greater inductive 
action on the iron. The following figures are given aa to a 
machine which has been tested at Habana: The int^oi diameters 
of the iron tubes are 48, 76, to6, and 127 mms., the inner one 
made of iron 13 mms. thick, the other 7 mms. The wire is copper 
of ) square mms. sectional area (about No. 16) in two layers, or 
160 tnms on the three inner tubes, and seven layers with 630 tnms 
on the outer cylinder, all connected in one length. The length of 
the arms is 212 mms., the weight 35 kilos., and that of the wire 
ig kilos., with a length of Boo metres. 

With 7 bichromate of potash cells, it is said to exert an attrac- 
tive power of 552 kUoe. at 3 mms. distance, " while one of ordinary 
no,-7«jhyGt.)t>*^le 
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D of equal exterior diameter only snpports 1 1 bOos^ 50 
limea loBB." This must be taken quantum valeat. 

426. Cott of WorJdng. — The exact method of estimating energy 
explained in the preceding sections, and espeoiallf the nse of i£e 
equivolt unit, wluch renders all the facta comparable, will show 
why all eleotco-mt^etic engines fail. The whole qneation resolves 
itself into one isaue: Whatie the costof an egvivoU of energy f The 
ooet, "by even a conunon ateam-engine, is ' 00 1 1 2 of a penny. Table 
VL, p. 1 30, shows its cost when obtained &om the varioos forma 
of galvanic battery, and these fignres mnst be doubled at least to 
ascertain the cost, when transformed into mechanical work by aid 
of magnetism, that is to say, electro-magnetic power must cost more 
than 100 times as much as steam-power. 

The fignres gireu in the books are even too foTonrable to the 
electro-m^net. Thns Jonle caloolates that under the most faTonr- 
able cironmstances an electro-magnetio engine wonid oonsomo 
75 lb. of zinc in a Darnell's battery to maint^ i horse-power for 
34 hours. 

Now Table Y., p. 119, shows aoi eqniTalents per lb. of zinc, and 
theDaniell'e force is i 079, therefore 73 x 201 X 1*079 = i6a66 
equivolts ; a horse-power for 34 hours is 10,168 equirolts, and twice 
that amomtt at least is required ; bnt taking tiiese figures and 
setting the cost of the battery as only 4 pence per lb. of zinc, we 
baTe 3; sbilliDgs, while 96 lbs. of coal, costing, at zo shillings per 
ton, 10*29 pence, would in a common steam-en^e do the same 
work. 

437. The following table is a supplement to Table VI., and 
shows at one view the varions facta. It relates only to materials 



Cost of HaOHANioiL abh Blbctbioal Enkbgt peb Eqcivolt = 4673 Fr.-LBS. 



Man'«poirer 

Eleotro-ntBgnetie 
Eieatric (eee Table VL, p. ito)— 
Hagaeta utiliziiig one-leutn 
„ „ one-third 



42S. ELBCTBO-HAaxxTio Lawb. — The following statements as 
to the laws which govern the coustmction and actions of aleotro- 
magnets are collected &om VAriona aom^ies : they r^te to the 
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ttiree elementB which eon§titDte «n electro-mAgnet : (i) the inm 
ooie; (2) the helical irira; (3) the cuireat which is puaed : 

t. The power to deflect > DUfiietic needle ia proportional to the square root of 
the diameter of the core ; the lUUng power, to the limple diuneter. <Dub.) 

I. The attractiTe power iDCrauu oa the maia of the iron, and tfaia is propor- 
tional to the •qosre of the diuneter of the iioD cylioder, the leDgths being equal. 

}, The form of the iron inflnenca its power. Cjlinden carry greater weighti 
than rectangular ban, and a hollow cylinder Irom which a portion has been cat 
away ao as to [arm a long honeahoe magnet when Tiewed in the 'direction of it* 
axis, but ft Tery abort one if taken as to its heiriit, is capable of rtceiring a Tery 
great soapensiTe force : s slight cnnatare of the polar nu'tace adds to its power, 
(Pikff.) 

4. The &ee magnetism at the poles of • horKehoe magnet is proportional to the 
■qoare root of the length. At any giren transrerse section it is proportional to 
the difierence between the sqoare root of half the length and the square root of the 
distance of the given section from the nearest end. (Dub.) 

5. The magnet's suspensive power increases as the number of Inma of the wire, 
or the loMl effect is equal to the sum of each Uken singly. (Pfaff.) 

6. The free magnetism of an electro-magnet ia directly proportional to the 
number of tuma of the helii. (Jacobi.) 

7. Ita attraction is proportional to the square of the number of conroliitions. 
(Dnb.) 

6. The attraction between two electro-magnets is proportional to the sam of 
the product of the current strength and number of convolutions of both heliiea. 
(Dnb.) 

9. The material and thickness of the wire are (when the current is equal) 
without influence upon the magnetism. (Leni.) 

xa. The free magnetism of the end faces of an electro-magnet is proportionsl to 
the current strength. (Dub.) 

ti. The attraction between electro-nugneta ia proportional to the square of the 
strengtik of the current. 

TSoad gives the following generalizing fonnula : 

II. Let H = the magnetic force of the electro-magnet. 

n = the number of convolntions. 
<f = diameter of the core. 
C = the current passing. 
= a constant (not stated), 
thenM =caCjd. 

The several reBiBtances of course have a bearing on the relations, 
as under like conditione the corrent depends on the reaiBtance, and 
the resistance and number of turns are related to the §ize of tho 

. of the electro-magnet is equal to the resistance 

, ^^netiiing force is at a maiimnm. 

TTie magnetiiing powers of coils (of the same metal) with the same surface of 
battery plates arranged so as to give the maiimum current, are as the square root* 
of the weights of the wire used. (Meniier.) 

Formnhe are l&eqnently given aa to the relation of the resistance 
of the wire to that of the battery, but these are very cblosive : it is 
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the current passed and number of tnrus of wire which are to be con- 
sidered, the resistances are of importance only as they inflnence 
these. 

429. ArrBAOTiOBS of Mahnkts.— The supposed laws of attraction 
of magnets are delusive ; the attractions of magnets can follow no 
definitive law of mere distance, for the relation depends upon tbe 
magnetic field. Let ns conceive a flexible bar of iron coverad with 
a helix and bent up into horseshoes of different form, that is, with 
greater or less openings between the poles. Each arrangement 
would set up a different magnetic field, as will readily be seen by 
means of the principles of § 405, p. 325. The closer the poles are 
brought together, the greater weight would an armature in contact 
be able to carry, because the force would be more intense in the 
armature ; but the difference in powers would not be vast, providing 
the armature itself was properly adapted to engross the inductive 
power of the magnet (to do which it mnst be at least as large in 
section as the magnet itself). But the wider apart the poles, at 
the greater distance wonid a given attractive energy be eserted, 
beoanse the field would occupy a larger ellipse : therefore doubling 
the distance in this case wonld reduce the attractive power much 
less than it wonld in a magnet with its poles close together, and 
therefore with a email and intense field. 

430. EtEOTBO-MAQHBTio OoiLB. — Tbese are an application of 
the principles studied §§ ^99-405. They consist of distinct parts, 
the function of which should be understood, i. The iron core, 
z. The primary wire which conveys current from the battery. 
3. The break which intermpts the current, 4, The secondary 
wire in which the induced current is set up. 5. The insulation. 
6. The condenser. 

Between all these parts there is a due proportion, and Fig. 87 is 
drawn to a scale intended to exhibit that proportionate relation for 
the beet construction : it represents a coil i foot long in the core, 
and I J inch diameter. 

The ellipse shows the most advantageous form in which the wires 
can be arranged, to occupy Ihe most effective portion of the space 
marked in Siick lines from the points ab, in Fig. 77, p. 326. 
The inner dotted line is the space adapted for a smaller quantity 
of wire. There are many other modes of construction which may 
be occwionally glanced at, hut the following explanation is in- 
tended to assist in the actual making of a coil to tbe best advan- 
tage. 

431. The Core. — This acts purely as an electro-magnet, and 
should be made of (he purest and softest iron, so that it may 
magnetize and demagnetize as rapidly and completely as possible. 
It must not be capable of setting up an induced current within 
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itself, therefore its own metal must not form a eironit wliiclt 
woold act M does the braaa oorering tnbe described S 443- It is 
composed, tlierefore, of wires at the best quality of No. iS to 21 



gauge, cnt in lengths somewhat in excess of the intended core, bo as 
to project at both ends, as shown in dotted lines at one end c : they 
shotdd be made up into a tmly round form, which is best done by 
aid of a metal cylinder of proper size, split from end to end, and 
bonnd with wire or cord while the wires are packed : it shonld 
then be slid off gradually while b strong wire is wonnd tightly 
ttom end to end of the bundle : this shonld then be placed in a 
charcoal fire, made red hot for some time, and allowed to cool as 
the fire goes out — not by removal. The binding wire should be gra- 
doally nnwoond, and replaced by a strong tape covered by strips 
of stout paper glaed or pasted on to form a cylinder, which, when 
dry, should be warmed and dipped in melted paraffin, which shonld 
Boak thoroughly in. 

Another plan is to nse a mandrel of hard wood slightly tapering ; 
form the paper cylinder on this, make the coil complete as follows, 
and insert ^e core afterwards ; this latter plan is the ea^est, bnt 
the core is not so perfect, and space is apt to be lost between the 
core and the primary, which is disadvantageous, nnless it is desired 
to have a removable core for purposes of experiment ; then it and 
the primary may be made to uide in the tnbe (m which the secon- 
dary is wound. 
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Fig. 88 represeDta a cap of metal to be^tted on to each end 
of the core or to the mandrel, to work in a Blot in an upright 
frame bo that a handle can be alisped 
on either end to wind np the coUb of FiO' 88. 

wire. This oonld be done in a lathe, 
bat Ib far better done by hand in a 
frame for the pnrpoBe. 

When the coil ia completed, the 
capa (which may be beat aecuied by 
Bhellac cement) are removed, the end 
of the core at b ia to be cut off and 
filed to a perfectly smooth &oe : the end c may advantageouBly 
be left on, as shown, projecting beyond the oaloolated length of the 
core, as it and the armature at the other end will both add to the 
iudactive actionB. 

432, The Primary. — This may be cotton covered, but is better 
silk oovered, becaose the lawB (§428, ;-7)Bhowthat the magnetism 
induced in the core depends npon the current and the number of 
tnmB of wire, and this nnmber will be greater, the leae room the 
insulation t^es np; for this reason, and as there is little ten* 
dency to escape, the wire should not be coated with paraf&n, &c. : 
it should be of the softest quality and the highest eonductivi^ 
possible. The proper size is of the utmost importance : it muBt be 
selected with an eye to the battery power intended to be used so as 
to develop the greatest current. It is wise to err on the side of 
using wir^ loo »mail rather than the reverse, because that error 
partly compensates itself by the greater number of turns, and may 
be corrected in working by using an extra cell or two. No. 14 
would suit a coil a foot long to work with low battery power ; for 
smaller ooils, No. 1 8 and even 20. It should be in one length, in 
case of any accident occurring at a join, and also to avoid irregn- 
larity of form which is apt to be caused by a joint. The question 
as to the advantage of two or three layers is of the same order as 
that of size ; it is a matter of resistance, current, and space occu- 
pied: the balance is in favour of two layers. This also brings the 
two ends to one extremity ; if three are preferred, the end of the 
wire must be brought out and carried back under the stand in 
mounting. Place Uke core in the &ame, tie the wire firmly to it 
with a snfBoient length for connection, and wind up as firmly and 
closely as possible, beginning at the left hand, and turning the 
handle upwards to form a right-handed helii. When the layer is 
completed, fill up-^he furrow between the wire with a soft cotton 
cord, or stout knitting cotton, which has been well baked and soaked 
in paraffin, then bind over firmly with a strip of dry Bilk or silk 
binding (such as the drapers oi^ Prussian or flannel bindii^), to 
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preTent utj tcdieatti contact hj chafe of the wires. Now exm- 
tinne winding on the eecosd Itiyer, and secnre it in the eame 
manner. It will be wise now to test thd redstanoe of the wire, 
which ahotild be slightly greater than before winding : if it is less, 
there is contact eomewhere, which mnst be remedied hj nnwinding. 
The core and primary shonld now be warmed and well soaked 
with melted paraffin. 

^^3. I may here saggest that an electro-magnet built up as de- 
scribed, §42^, wonld probably oonstitate a very admirable basis for 
a ooil ; tor this purpose each of the iron cyliudeis should have mi 
open slit from end to end, for the purpose of prerenting current 
indoction within it. 

434. iTtgidtUing Tube. — The core and primary are now to be en- 
closed in a tabe, as shown by e, Fig. 87, which requires to be thicker 
at the ends than at the middle, as drawn. An ebonite tube is usiially 
recommended, bat it is very costly and difficnlt to fit exactly to the 
primary without waste of space. Such a tube can sdvautageonaly 
be built oat of the thinmtt sheet ebonite. Measure the proper size 
with a piece of paper out to fit tight ; cut ont a piece of the ebonite, 
which ie best done with a sharp point, or a tenon-saw drawn over 
the snrfiu3e ; hold it before a fire till it softens, and bend it over the 
coil, binding it down with a tape till cold ; Uien secure the joint 
with shellac. In a large coil a second cylinder should be nsed, 
breaking joint at the opposite side, and &o snr&ce of the first should 
be painted with shellac tarnish, so as to just stick when the next is 
applied. Three discs of the thin ebonite are to be cut, with central 
holes to suit the position, as shown, and slipped upon the cylinder, 
which is then thickened up on the ends by shorter cylinders, as 
shown. When dry these may be turned down to a regnlai curve, if 
desired, or the discs being set in position, a strip of paraffined paper 
may be wound on to the desired thickness, as directed is the winding 
of the secondary. In iieoa i and 3 there are to be holea through 
which a length of the secondary wire is passed, as shown. In small 
coils a single disc will suffice ; iu larger ones others are to be added 
so as to leave no space wider than 2 to 3 inches, but so ss to keep 
an even number of spaces. The discs are to be thickened alter- 
nately at the middle and edges, so that the thin part is where the 
wire passes from one compartment to the next, that is to say, where 
the difference of tension is least between the neighbonring portions 
of wire, this obeying the law of tensions, and corresponding to the 
actual length of wire intervening between such neighbouring parts. 
There are two ways of thickening discs : another disc of sheet 
ebonite may be cut of the proper size and rasped away at one 
edge, and cemented with sheUao on each side of the principal disc ; 
or dis<» of paraffined paper may be ent and added at intervals as 
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the wire is wonnd on, which is readily done by onttiug a slit in 
each so as to slip it on, breaking joint of course at each. The first 
plan is preferable when the thickness is in the centre. 

The two end pieces may be made of ebonite, but well-baked 
mahogany saturated with parafOn will answer. The inner faces 
may have a recess cut in them to contain a circle of thick sheet 
ebonite where in contact with the wires, and if desired, a casing 
of thin onuunental wood can be used to oorer the real ends. In 
most coils these ends are cironlar, with a flat &ce at the lower edge ; 
bnt in Fig. 87 they are reotangnlar, in order to carry the terminals 
and discharger. Whichever plan is preferred, they are now to be 
fixed firmly upon the insulating tube so as to enclose within them 
part of the primary, as shown, forming a complete reel. The in- 
sulating tube should be carried to the end of the core (instead of 
being cut off to the ellipse, as shown in the fignre), so tiiat the 
ends may be fixed securely upon it. 

4^5. The teeondary aire is to he laid on with its tnms parallel 
to those of the primary, and there should be as many tnms got 
into the space as consists with the other essentiBl conditions. The 
size of wire depends upon the object aimed at. A full bushy spark' 
depends on qofinttiy, and this again dep^ds entirely on the size of 
the wire. Length of spark depends on tensum, and this upon the 
number of turns. These conditions are explained § 439, and the size 
of wire will range between K'os. 35 and 40, The coil is to be 
arranged in the winding stand as before, with the b end to the left, 
or in the reverse position to that of Fig. 87. Fix pieces of wood 
or cork in all the spaces, except the end 3 t, to support the discs, 
and then wind the wire on, turning the handle as before, away 
frtMU the body upwards to form a right-handed helix of the wir€^ 
which is to be wonnd on with the precantiona as to insulation de> 
scribed g 436, filling up to the elliptic outline, and leaving the end 
eut, for connection to the terminal. Next fill np the space 1-2 in 
the same way. Now turn the reel end for end in ttie frame, bringing 
it as it is in Fig. 87, and fill up the other two spaces, taming the 
handle the same as before ; then as the wire commences at the other 
end of the apace and its position is reversed, the spires will all be 
in the same direction and be a continuous helix, vhea the two ends 
at partition 2 are soldered together. 

The object of this construction is to concentrate the tensions at 
the two ends of the coil where perfect insulation is most easily 
effected, and to secure the most perfect insulation where it is most 
required: it is for this purpose that the tnbe is thickened at the 
ends to resist any tendency to strike to the primary. 

In the common, becauBe easy, constmction with the secondary 
wound backwards and forwards from end to end, as in Fig. 89, it ia 
n,o,i7P(ibyGt)0^le 
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obrioiu that a grettt langUi of wire iutorreiiM between the proxi- 
nute ends of two aepuate lay en, and there is in couseqnenoe great 
risk of a spark breftking throngh the insnlation, which in snch case 
onght to be thiokei there than at the ends at which the layer tomfi 
bade on itself. 

4^6. Jnudalum of Seeondaty.—The wire itself ahonld be Bilk 
covered ; it should be well baked, and laid on while quite dry. It 
is better for being porafSned, if this is so doae as not to enlarge the 
size (g 44a)- Between each layer an insnlating film is spread, 
which is nsoally made of seveml thickneaees of gnttapercha tissue, 
bat it is doubtful whether good paper paraffined. Each as is used for 
the condenser, is not better. The best mode of applying either is 
to cat it in long slips half an inch wide, fix the end over the end of 
wire, and wind spinlly, bo that the strip overlaps half its widtb. 
On reaching the end or partition, great care is to be token that the 
space is perfectly filled, which is easily done by forcing in a little 
softened parafBn ; the strip shoold Hi&a be folded back on itself 
olose to ^e wall of the space, again wound spirally back half-way 
up the eptce and returned to the end, where it can be left to 
snpport me next layer of wire : by this means there are only two 
tbii^nesses interposed where little insolation is needed, and foor 
where it is most reqaired. In long spnces or nndivided coils, &.e 
strip should be returned two-thirds of the length, and again fcff 
one-third, so ^ to have six thicknesBOs at the dangeroos ends. If 
paraffined paper is used, the final proccBs will make all secore, bnt 
if gattapOTcha is employed, it will be an improvement to paint 
round the ends at each layer with sbellao cement. Some paint the 
whole wire thus when laid, but this renders it next to impossible 
ever to remove the wire if desired. Outtapercha dissolved in 
benzole or in oil may be used instead of shellac. 

When the coil is completed, similar external insolation should 
be employed, filling up the outer dotted line. Fig. 87. This shoold 
be of an air-proof natore, such as paraffined paper or solid gutta- 
percha, otherwise the guttapercha sheet is apt to be destroyed by 
the action of the air. If paraffin insulation is used, the coil should 
be slowly warmed for some hoors, and then saturated with melted 
paraffin before applying this external covering. 

The continuity of the wire should be care&lly watched tbrough- 
oot,as described § 442, or at least tested as each layer is completed, 
lest any break should occur unnoticed. It is also a great advantage 
to test the growing inductive action as the coil progreBses, whidi 
is one reason also for building it on the core itself. At the earlior 
stages this may be tested by a suitable galvanometer, connecting 
Qp a single Baniell coU to the primary, with a hand contact key 
interposed, and observing the deflection prodnced on making and 
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breaking contact : of course, tlie whole length of wire to be need 
for the coil must be connected to the secoudiuy from the firat, or at 
least it mnBt be made up to one nniform resistance, so as to observe 
the increaaiiig electromotdTe force generated. When the ooil has 
BO far progressed as to gire sparks, a discharger may be need, and 
the hreak key shoold have the condenser attached. The increasing 
epiurk can be thus watched, and any accidental failure of inenlation 
at once detected before it is covered up. The constmction of a 
large coil is a matter of so much labour that these precautions are 
of great consequence. 

4J7. The Break. — The ooustmotion of this is simple, but inToIves 
important principles. Its objects are, (i) to close the battery 
circuit fnlly, with as little resistance as possibla This reqnires i^ 
good contact surface at the platinum points and a strong pressnre 
of the spring, (z) To maintain the contact till the core is fiilly 
monetized. This requires the reeislance of the spring to be just 
BufBoient, so as not to allow the armature to be moved until the 
foil mf^etism is approached : for this reason it is desirable to 
plaoe the point, as shown, at some distance down the spring, which 
then assumes a cnrre before actually destn^ii^ contact. To assist 
this the spring may be of taper form, thinning away towards the 
upper, end. (3) The iron armature must be of the best soft iron 
and as massiTe as the core itself; it in fact acts as a prolougatioii 
of the core, and assists the inductiye actions. 

The construction is simple, as shown b, Fig. 87. The spring is 
secured to a brass bracket, which carries also a set screw, by which 
the distance between armature and core and the resistance of the 
spring are adjusted. A similar bnt higher bracket carries a screw 
pointed with platinum, and provided with a loose set nut to prevent 
its shifting with the vibrations. Tho platinum should be soldered 
in position, but caro must be taken that no solder runs over it. A 
hole shonld be drilled in the point of the screw, and tinned by 
means of a pointed wire, and the platinum wire entered firmly in. 
The piece on the spring may be a piece of thick wire, in which case 
a hole should be drilled in the spring, in which a reduced end of 
the pladnom may be entered, riveted up, and touched with solder 
on the back. A piece of stout sheet platinum may be used, in which 
case the spot it is to occupy should be tinned, the platinum placed, 
and the iron carefully applied round the edges. Phitinum requires 
to be moistened with flux to enable solder to take readily. 

For some experimental purposes a break worked by hand or 
mechanism is useful, and consists of a spring pressing on a ratchets 
wheel revolved at a fixed rate. This may be interposed between the 
coil and battery, the ordinary break being screw^ tightly np. 

438. The Condenser is made as described S ^t, p. 53. The area 
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of foil it shonld contfun depends upon the degree of battery power 
to be used, increasing witli this : ezceas in size is, however, no evil. 
The two &ceB are connected, as shown. Fig. B7, to the spring and 
the screw of the contact breaker. The fonction of the condenser 
is not thoroughly nnderstood, but it absorbs the extra onrrent of 
the primary and reduces the spark at break of contact, which wonld 
otherwise destroy the platinum. The effect is to facilitate the . 
demagnetizing of the core, and consequently to increase the electro- 
motive force of the secondary current at break of circnit. 

F^. 69 shows a convenient mode of conatniotiug the condenser. 
A shows the foil projecting half an inch 
beyond one end of the paper, and with an 
inch margin left round three sides. The 
sheets of foil may be each fixed by wanning 
and by pressure on a sheet of paper. The 
first sheet being laid with the turned side 
beneath, another is laid with the foil above, 
and in the position shown by the dotted 
line, so that the two papers ore between 
the foils : two unooated sheets are then laid, and then the process 
continued as required. The rectangular space included by the two 
arrows is the emotive area of the foiL 

Experiments have been published lately by M. L. Boltzmanu on 
the indnotiye capacity of insulating mat^ials, differing from those 
given on p. 53, as foUows: 

Vulcanite 3'i; 

Paraffin 2*32 

Sulphur ;. ..3-84 

E^in a'5S 

In the cheaper coils, condensers are made of sheets of ordinary 
paper without any preparation interposed between the foils. 

The best mode of ascertaining the size of the condenser adapted 
to a coil is to arrange it as described for making, and lead 
temporary wires to it from the coil, allowing this to work at 
intervals, increasing the battery power gradually to the utmost 
likely to be used, and adding sheet after sheet of the foil as it i& 
observed to produce beneficial effects. 

439. The Laws of Coils. — The e&cts of a coil depend npoa 
the size of the secondary wire, and its length as mentioned, § 435. 
Sixe or thick'ness of spark depends on the ihichnes» of the wire : 
length of spark depends on length of wire ; the laws are in &ct the 
same as those of batteries and of the heating of wires, § 193, 
p. I++. 

We may regard each turn of wire as an electromotor analogous 
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to a cell of a -battery, or to a thermo-electrio oonpl«. At each 
Beoticm of tlie coil equal eleclnmiotive force ia developed in each 
tnin, whether oloBe to the core or at the ontaide of the coil ; but 
the diBtiaction mnat be remembered between the electromotive 
force developed tn the torn, and the effect produced externally by 
the torn : this wUl correspond to the aotiona of a large of email 
cell of equal force, and, therefore, the inner tnmB exert more 
energy than the oaler, because their own internal resiatance is lees 
in the ratio of the lengths. 

So aleo the electromotive force developed m the tnm is inde- 
pendent of the nature of the metal of the wire, but as the effect 
produced depends on the resistanoee as well as the electromotive 
force, wire of high eondnotivity ought to be need ; it will also 
develop less internal heat. It is, however, a question whether 
iron may not form an exception to this, because being magnetic 
it would abeorb energy itedf, and thus increase the eleotrometive 
force it could develop, but it is doubtful whether this would 
oounterbalance the disadvantage of the extra resistance. It is very 
doubtful whether any definite law of coustmotiou has been as yet 
arrived at, generally applicable. The principles here laid down 
appl^ foirly to coils up to 1 8 inches in length, and it is usually 
considered that with adequate battery power a spark ought to be 
produoed at the rate of an inch per mile of secondary, but the coils 
which have been made of unusually large size have not given any- 
thing like a proportionate effect. A few instances of noticeable 
coils are given in g 441, which show this. 

Coils may be oniteid as cells are, and upon the same laws, and 
it would seem that more efieot would be obtained from the same 
materials and currents applied in four coils of a foot long than in 
one single coil, but coils to be so conpled would require very per- 
fect insulation. They may also be joined in multiple arc, and so 
increase the quantity, or thickness of spark, but the coils most be 
similar in construction and foroe. In these oases each coil should 
have its own battery, bat all the breaks should be screwed down, 
and a separate single break ioseited in the circuit so as to act on 
iOl at once. 

440. MonrnKd CotLS.— In Fig. 87, d is a slab of glass, ebonite 
or prepared wood, fixed upon the ends of the reel, foming a frame 
the sides of which may be advant^eoualy closed with glass, so as 
to protect the coil from damage by dust and damp ; a tube in the 
middle of d carries a rising table of ebonite ; and the two pillars 4- 
and — connected to the terminals of the secondary, constitute a 
universal dischai^er ; they are, in faot, en elongated binding screw, 
to which wires to any apparatus may be attached. They termi- 
nate at the top with a spherical socket, forming a universal joint. 

,S A , 
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Tlie rods, tKnjing wiies, &e^ slide in a tabe, so tbst their di»- 
tanoe, positioii, &o., are andu perfect control. 

In nioet coils Uiese pillars, or insulated binding screws, are 
placed on the stand at the end or the side of the coil, but the 
arrangement shown is much more convenient. The two ends of 
the primary pase down through the stand ontside the end of the 
reel at h, the inner is connected to the spring of the break, and by 
it to the binding screw, as shown : the outer end goes direct to the 
other binding screw. 

It is, however, better to have a commutator on the stand to reverse 

or ont off connection with the battery. The best conetmotion for 

this purpose is shown in full size section, Fig. oo. e is a circular 

or elliptic block of wood or 

FlQ. 00. ebonite, with a cheek on eadi 

side projecting beyond opposite 

ends of the diameter to afford a 

fastening for the metal portion. 

This consietB of two similar pieces 

of brass, c d, which may be bnilt 

ap of several parts or cast in on^ 

as shown. These form the ana 

on which the apparatus moves, 

and each of them being con- 

tinaed np one side and across the 

end of e, forms a path between 

two springs tonching them. The 

cylinder is supported in two 

brackets, as shown in dotted 

lines, and to these brackets are 

also secured springs + and — , 

which being connected to the 

battery binding screws, bring the 

current to the commutetor. Two other springs, a b, convey the 

current away, either being made positive according to the direction 

in which the handle is turned. When this is vertical, the current 

is cut off altogether. These springs should be fixed to small 

brackets with stems to pass tlu'ough the foundation plate of the 

instrument, and are to be used in place of the principal binding 

screws for all connections directed to be made to those, 

441. Noted Coils. — 1. Bhnmhorff has constructed some, con- 
taining about £0 nules of second^^, which, with i Bunsen cell, 
gave 5^ inches spark, and 16 inches with 7 cells. 

2. Bitchie made one for Gassiot, the core 1 8 inches, if diameter : 
the wire covered with guttapercha -^ thick : the primary, g gange, 
I $0 feet in three lay^%. The secondary in three cylinders, each 
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S inchefl long, made of gnttaperolia -^ thick; the wire of the 
middle one, 32 gauge, a2,;oo feet long; the otiiem of 33, each 
35,575 feet. There are three condensers, of 50, 100, and ijo feet, 
OBpablo of combination. With 5 Bonsene, each coil gave a spark 
of 5 incheB ; the three gare 1 2^ iaohes. 

3. Siemem and BaUike. — Made with a great number of partitions 
of sheet ebonite, contained 80 miles of secondary, and gave sparks 
&om I to 2 feet in length. 

4. Yeaiet!. — In two compartments ; core, 22 inohes by i^; pri- 
mary, I a gauge in 2 layers ; secondary, No. 36, in 55 layers, nuking 
55,000 tnms, insnlated with guttapercha tissue and parafBned papw, 
10} miles in length, and lo^- lb. in weight; condenser, 66 sheets 
of foil 1 1 X 191 with paraffined paper. With 5 Grove cells it gave 
t2| inches spark. 

5. Ladd's — Core, i foot long, i-B inch diwnetor; primary, 
i2 gauge, 50 yards in three layers ; secondary, 3 miles. No. 35, in 
layers from end to end, each separated with five or sii; sheets of 
guttapercha tissue ; condenser, 50 sheets of foil 18 X 8 on varnished 
paper ; gives 5 inches spark with 5 Bunsena, One oonstrncted for 
Dr, BobinaoD, with two secondary coils, each 5690 yards, or 
together, 6 miles 820 yards, is said to give sparks, 2*04 inches 
with one cell; 5 ■ 06, with two ; £'45, with three ; 7-65, with four; 
and 6*38, witji five cells. 



6. The Polylechnic. — Length fr«m end to end, 9 feet 10 inches 
iiameter, 2 feet; weight, 15 cwt., containing 477 lb. of ebonih 
The core, 5 feet long, of No. 16 wire, 4 inches diameter, 125 lb. 



The primary, 145 lb. of 13 {-0925) 3770 yards, making 600 turns 
in strands of 3, 6, and la wires ; total resistance, 2*2014 <>hnis. 

The secondary, 606 lb., 150 miles long, and resistance 33,560 
ohms, on an ebonite tube ^ inch thick and 8 feet long, the coil 
itself occupyii^ 5 4 inches in the middle of the tube. 

The condenser is in six parts, each containing 125 square feet of 
foil. 

With five lai^ Bimeen cells the spark was 12 inches, and 29 
inches with 50 cells. 

Particulars of a series of eiperiments with this oofl are given in 
the 'Chemical News,' Sept. 14, 1869, No, 513. 

442. Manaobhbnt or Wires. — This is of great importance, espe- 
cially in constructing coils. The greatest care is requisite, for thets 
is little satisfaction in spending much time and laboor in winding 
np a great length of wire, and then discovering that there is a break 
in it at some unknown point. The following precautions, though 
very troublesome, will well repay the trouble. 

J[) Test each reel of wire for continnity : sellers rarely furnish 
8 in which the wire is continuous from one end to tbo other. 



S66 ELaCTKIClTT. 

The test reqitii»i r delicate astatio gilTBuometer and a cell to send 
Onirent through the wire. 

(2) If not coutinnoiu, wind upon a &eeh reel, paasiDg the win 
tliToiig)i the fingen and carefally mtcbing it. It is beat to use 
a tin reel for this purpose, or, at all events, to use a metallio axis 
against which a spring can be pUoed, acJdering the beginnii^ 
of the wire to the reeL B7 this means a permanent test can be 
}Eept np, and meaanrement of lesistance, length, Ac., can be made 
at any time. 

(3) It is deeinble In many cases to panffin the wire. It ebonld 
be ust well baked till all moistiiTe is driven o£^ and while hot 
shoald be dipped into the melted parafSn, or this may be poured 
over it. For fine wires the paraffin may be thinned with turpen- 
tine^ which will prevent tlie wire from being mnch enlarged. It 
is deeirable to warm the reel of wire when it is about to be nsed, so 
as to soften the nmteriol. 

(4) The resiBtanoe of the wires shonld be taken and noted, tlien 
by measuring that of a known length, the length of wire nsed for 
any porpose may be nearly ascertained. 

(5) In winding up coils, &c^ it is very desirable to aecertain the 
exact number of turns the wire makes : this may be done with a 
revolution counter, easily made np from snoh wheels as are tued in 
gas-meter indices. This may be actuated either by an attachment 
direct to the end of the axis of revolution, or by an oleotro-niagiiet 
actuated at each revolution by an ordinary circuit closer. 

(6) With fine wires a constant test for continuity should be 
maintained. The beginning of the wire of the instrument shonld 
be connected to a metallic cylinder on the axis, against which a 
spring should press, as in (2) above. This spring and that of the 
wire reel are connected to a galvanometer and a battery: if a 
oommutator is need, the current need not be continuous, but a test 
current can be sent through at intervals, or on oompletdng each 
layer. This affords also a check upon the insulation, as any acci- 
dental contact will reduce the resistance, which ought to increase 
continually as the wire is strained by winding. 

(7) All joints should be carefully made, stripping the wire, 
cleaning it, and tapering the ends, tinnii^ them and carefully 
cleaning off any flux ; fine wires should then be carefully twisted 
together and soldered, which is beat done by means of a piece of 
So, 10 copper wire in a handle. If the wire crosses a gas flame, the 
point beyond (being well tinned) will act as a convenient soldering- 
iron for very fine work. The joint should be carefully covered 
without increasing the size of the wire ; this may be effected by 
rubbii^ over the warmed wire a stick of cement made of gutta- 
percha and reeiii melted together. 
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443. MsDiOAL Coils, — These depend on fte same principleB as 
indtictive coils, but they are made to give a current of comparativelj 
small foi'ce bnt of l^^er quantity. For this pnipoae the " extra " 
cnrrent of the primary itself should be utilized, and stouter secon- 
dary wires employed. A great variety of arrangements are em- 
ployed, vertical and horizontaL Fig. 91 shows the most convenient 
plan, i:i which a cnrrent in one direction only (that of breaking 
oiicmt) is given oS. By means of the commutator which emplc^ 
dJSbrent lesgtiiB of wire, the energy can be varied, and the slidiiig 
tube over the core controls the force of the diock produced with 
the greatest nicety. The action of this tube is, practically, to 
shorten the core as far as it covers it, so far as its inductive re- 
actions are concerned, fay enabling the induced current to form in 
the tnbe itself instead of in the wire outside it The following 
particulars relate to a coil 6 inches long in the core. 

On a mandrel about an inch diameter, slightly tapering, make a 
pasteboard tube of three or four thickncBses of brown paper, and 
form a reel by glning on this two turned ends of 3 inches diameter, 
leaving a space of ■; inches between them. There should be a 
groove on the inner ucee of the ends towards the edge which is to 
be secured on the stand (and which is there slightly flattened) for 
the wire ends to lay in. Lay on four continuous layers of No. 1 3 
cotton-covered wire, and bring ont several inches of the ends, calling 
the inner end i, and the outer end 2. To 2, just where it leaves 
the coil, join a length of Ko. 22 or 24 wire, which will commence 
the secondary; whenfour layers of this are placed, bring ont the end, 
calling it No. 3, and joining to it, as before, a continuation of No. 
26 or 2B, calling its onter end No. 4; to which, if desired, a further 
length of finer wire may he added. All the wires may be cotton 
covered, and should be soaked with paraffin before or after laying. 

Fw. 91. 



A brass tube, t, Fig. 91, is cut to slide freely within the central 
tnbe, and at one eni a thin piece of tube or metal is sold^«d within 
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h, to eeire u a stop ; a bundle of Boft wires ia tben packed within 
the tnbe, and a ring fitted upon its inner end to abut against that 
jiut described, and a handle, t, fitted to the tnbe itself at the same 
end ; the other end of the core is then passed through and secured to 
the farther end, b, by wedging and cement, and trimmed off smooth 
to work the break, b, which is fdmilar to that described §437. I^g> 
91 explaiuBtheconnections; + and— are the battery screws i+isooQ- 
neoted to the screw of the break, and the inner end of the primary, 
I, is connected to the spring, which is also connected tos— ,one of 
the secondary binding screws ; the end 2 of the primary is con- 
nected to — for the battery circnit, and also to the first stud of the 
commutator for the secondary circuit The secondary wire is 
Bhonn in stages and nmubered ; it begins at 2 , by being soldered to 
ihe end of the primary ; the ends of the varioas lengths, 3, 4, ^, are 
taken to snccoBsiTe studs of the eommntator, the central spnng of 
which is connected to a +. The commutator takes np either the 
" extra " current from the primary, or that with the added efiect of 
the lengths of secondary according to the stud on which the spring is 
placed. As arranged, that secoadary binding screw will be -i- , which 
is on the same side as the primary screw connected to the + pole 
of the battery ; the onrrent taken ap is in ihe sfune direction as 
that of the battery tn the coil, therefore if tho inner end of the wire 
is so connected as shown, the outer end is of course the + condnc- 
tor from the coil. The effect of this mode of connection is, that 
when contact is made, the battery offers a path of much lower re- 
sistance than the body ; therefore the current induced at making 
contact does not pass through the body, which, transmitting only 
tbe current of breaking circuit, is subjected only to the infiuence 
of a cnirent in one direction, which is couBidered of great import- 
ance in some oases. 

444. Elbotmo Bblls. — These domestic conveniences are Tory 
simple and easily made and fitted np. Tho bell arrang^nent oon~ 
sists of an ordinary clock bell, or a spiral of steel wire screwed on 
a stand, with a olappor spring on which there is an armature which 
is attracted by an electro-magaet, so that each passage of current 
strikes one blow. If preferred, an arrangement similar to the break 
of a coil {§437) may be used, which will give a succession of blows 
as long as the circuit is closed : a small magnet of quartor-inch 
iron bent to a horseshoe of 2 inches is sufFtcient, The size of wire 
depends <m the battery power used and on the distance of tiie bell 
&om tho points of contact. If this latter is great, fine wire must be 
used, Buoh as 26 ot 28, bat usually 22 is suitable. The most cou- 
Tenieut battery is the manganese, of which three or four in series 
will generally sufBce. The contact is closed by a spring which is 
pressed down (m a stud, tbe fiioos in contact bemg armed with pla- 
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tinam. These " puBlies," as they ore i^alled, o&n be readily obtained, 
got np in TarionB Btjlee of otuameatation. 

The wires should not be too fine, not less than 1 8 : two are le- 
qoired, bat only one need be ingoUted, though it is better for both 
to be. Gnttapc«oba -covered wire is often used, bnt this perishes by 
action of the air. Gotton-coTered wire thoroughly dried and soaked 
in a hot mixture of fonr parts paraffin, one or two parte beeswax, 
and one part boiled linseed oil, and then dusted over with whiting, 
will usoslLy answer perfectly. When several bells are in nse, eo^ 
requires a wire to make its circuit, bnt a single return wire will 
serve for all. 

For a signal on a door opening there are a variety of modes of 
making contact: the simplest is a c[iiadrant of metal above the door, 
with a spring pressing on it attached to the door, and an insulating 
piece to cover the metal of the quadrant and Weak circnit, except 
when the door has opened. A similar fitting to a window consists 
of a slip of metal on the side frame and a spring on the sash. 

445. Alarmt. — These may be so arranged that while a bell on 
eadi acts as just described, a complete general circuit shall also 
actuate a bell in one spot to indicate whenever any one of the points 
to be guarded is either opened or not secured. This latter is 
efEected by a contact at each spot adapted to each place, and may 
be made either by pushing a bolt or hooking on a flexible wire at 
each part, the circuit being oontinaed through all. In this case a 
current must be kept constontlj passing, and its tloppa^e actuates 
the alarm. It is wise, therefore, to nse a " relay," that is, a small but 
powerful electro-magnet of fine wire, which does not itself actuate 
the alarm, but doses a " local circuit," that is to say, a separate 
battery and bell ; by this means a very small current may be made 
to serve. With a house so fitted, the security of the house is tested 
by the master on retiring, by having a commutator in his bed- 
room, which makes the final contact to the battery of the two cii- 
onits, when the arm of the relay will be at once moved and the 
local circuit broken if all the contacts are properly secured, and if 
not, the particular bell of that door, window, or room, if such are 
provided, will indicate the neglected point 

44.6. Thb Elxotbio Tblxgbafh.— /This subject it is not neoes- 
sary to go into at all, as it is oursorily sketched in every work on 
electricity, and practical knowledge con be given only by the 
technical works. It is essentially an application of principles 
fully explained throughout this work, and resolves itself into t£ree 
disUnot systems. 

( I ) Indicatory, such as that of the needle iustroments, which are 
to all intents simply galvanometers, 

(3} Becording or ^ehanieal. — Such ore the Morse and the print- 
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ing eystemB, m well as those alph&betioftl instrnments wUoh do 
not record, bat make a tempoiary indioation. All these are 
actuated bjeUctro-magnets working or releasing olockvrork. Some 
of these also work hy sonnd, the taps of the electro-magnet answer- 
ing to the contacts made. 

(i) Chemical. — These work by electrolysiB, prodnciog ooloored 
maus when ontrent is passed to the electrodes, one of which ts 
a revolring ojilmder, the other a point, a sheet of paper moistened 
with the electroljie being interposed and drawn between the 
cylinder and the style. 

The telegraph system is, therefore, simply the effecting of com- 
mon electric actions at a distance, and is wholly a matter of 
resistances, and delicacy of instmments fitted to work with small 



447. Ihqiex Tdegrapky. — This, the causing two messages to be 
transmitted by one wire in opposite directions at the same time, is 
« refinement only very recently practically effected, though the 
principles have been known for years. It depends npon a very 
careful balancing of resistances: the currents do not pass each 
other at all, but if signals are sent simultaneously, the effect is 
that the receiving instruments are really worked by the batteries 
of their own station, not by that of the sending station. 

The instrtunent is essentially an electro-magnet wonnd with two 
wires exactly as a differential galvanometer, § 182, p. 135, and 
acting upon the same principles. In one ctrcnit is connected the 
line wire, and to the other a resistance equal to that of the line. 
Oarrents sent into this instrument from its own end will therefore 
not actuate it, as they divide into two equal parts ; but a cnrrent 
entering by the line will actuate it, for (i) the station itself is not 
sending a current, then the line cnrrent passes through one circuit to 
the junction and back through the other, through a double resistance, 
but with double power, and so works the instrument in the usual way. 
(3) The receiving station is also sending, then according to the 
direction of the currents, one of the two circuits contains an addi- 
tional or an opposing electromotive force, and tiius an extra portion 
of the current enters one of the circuits and thus actuates its own 
instrument. The two instruments at opposite ends of the line 
being alike, and the resistances properly balanced, it will be 
seen that the operator at A station always sends his s^als into 
his own instrument, but these do not affect it unless B is also 
sending signals into it, and therefore each operator only sees npoQ 
bis instrument the result of the signals transmitted by the oUier 
operator, although they may be actually produced by his own 
battery set in motion by himself. In the case of submarine cables, 
there is, besides the line-resistance, the temporary and vanishing 
- n,o,i7PcihyGt.)t>*^le 
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recDHtance dne to " Chaise," § J55, p. 320, aod to work on the 
dnplex ^Btem a similar oondition mtiBt be ptoduoed in the 
Beoondary or home cironit. This ia effiected by nsing, with the re- 
Bietaiiaa equal to that of the line, condensers equivalent to the 
charge the cable ia capable of taking np. 

44B. Bdisoh'b Motograph. — This is the latest new idea or 
discoveiy in electrical actions, and it wonld appear to be likely to 
lead to many developments. The following is Mr. Edison's own 
description; 

"In my Dew »j»tem of telegraphy it woold seem that power waa obtained, or 
that electricity had been passed into a new mode of motion, aa with magnetism ; 
bnt this is only opparent, not real, ifl nnderetand it aright. 

" The electricity acting by electroiysij changes the natare of the Bnrface of the 
paper, either by depriring it of some constituent, or the hydrogen la conjnnction 
with the metal and paper form mbatitntion eompoaad^ the sgrfaces of which are 
smoother than the paper in its natural state, in the manner that the sar&ce of 
rongh paper ia made amooth by dipping it into anlphuric acid. The straugeat 
thiiv connected with the phsDomenou, however, is thii ; 

"In trying to ascertain what canaed the lerer U> moTC, whether it waa redacing 
the lead by hydrogen to a finely-diTidad powder that acted aa a lohricant, or 
whether the nature of the surface of the lead were changed by the absorption of 
hydrogen, like palladium, orwhether the etlect were dae to the effort of the gasei 
to aacape from under the lever, 1 was led away from these notions by finding that 
pktinum with sulphate of quinine will likewise show the movement. It then 
atrnck me that the nature of the paper was changed by the electrolysis. To test 
this I had a long meaaage received over the nutomatio telegraph wire from Wash- 
ington (this wire mns in my laboratory at Newark), and recording the aame on 
ordinaiT chemical iy-proparcd paper, llie apeed with which the message waa sent 
tnaa Washington was goo words per minute, and the colourations forming tbe dota 
and dashes were rather bint. I then passed the strip into the electromotc^raph 
(I use thia Dame for want of a better one), the colonraCioos being iu a direct line 
with the lead point. On rotation of the dram, and when no colouration was under 
the point, the lever waa carried forwatil by the normal friction of the paper. But 
the moment a colouration passed under it the lead point slid upon the paper aa 
upon ice, the friction was greatly reduced, and the lever moved in an opposite 
direction to the rotating drnm. 

" In this eiperiroent no battery waa connected to the instrnment. Thia provM 
that electrolysis prodnces a change ia the nature of the paper. 

"I aflerwarda found that if a tin pen were used to receive a message tVom 
Washington, although no marki were seen, the paper appearing unchanged, yet on 
passing the paper through the instrnment the movement of the lever was more 
marked than before. lUceiving the mesaage with a lead pen did not give so good 
reaolts, although lead is the best when used, standing at the head of the twelve 
metals tried. The neit ia thaliinm. On paper moistened with aqueous solution 
of pyrogallic acid, tin is aa good as thallium. Of all solutions yet tested, pctassic 
hydrate has been found to give the moat marked results; the second best la 
anlphate of quinine ; third, rosaniline, oxidized and discolcurcd by nitrous acid. 

"A peculiarity of tho quinine solution islhat platinum shows an action, and 
shows it when either oiygen or hydrogen is evolved on its surface. With hydrogen 
the friction is lessened as with all other metals, bufwith oiygen the friction is 
locreased. This is so with all the metals subject to oiidatiou ; but it appeared 
■trsDga at first, that it woold show witJl a metal upon which the naacsnt gaios had 
no effect. 
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"Wth > leid point uid & tolntlon of the diiicfcetanl kuoini u brota»- 

chlonlum, tbe evolution of hjdrogea Increajea the frictioD of the paper enoTmomlf . 

"Silver teldom ibovi a movement with uf solution, and when it do«s it ii 

"Solpharic add abowi leu movement with an^ metal. 

" It appears to b« a matter of indiSenDce ai to the character of the metal Died 
tat the dram which acta as one of the decomposing electrodes. Considering that 
the lever will close a aecoodar; circuit under the sreat pressnie used upon the 
lever, iti lensitireDess to electricitj is wonderful. With a delicatelj-constrnctcd 
machine, moved b; clockwork, which I have nearly finished, I have succeeded in 
obtAining a movement of the lever sufficient to dose the local circuit with a cur- 
rent (through 1,000,000 ohms, equal to 100,000 milce of telegraph wire) which 
was insufficient to discolour paper moistened with potassic iodide, 01 move an 
ordinary galvanometer needle. Messages maj be read from the sound of the lever, 
when the most delicate telegraph magnet shows no current. 

"The naes of the instrnment are manj; in feet, it gives an entire new system of 
telegraphy. 

" As no secondary currents are generated aa with an electro-ra^net to prevent 
the iostaat mi^etixation or demagnetization of the iron cores, it is obvious that 
the lever will responl to signals transmitteJ with greit rapiiliCy. I have suc- 
ceeded in transferring signals from one circuit to another at the rate of 6;q words 
per minute; hence it may be used to repeat the rapid signals of the automatic 
telegraph into secondary circuits. By attaching an ink wheel to the extremity 
.of the lever, opposite a continuous strip of paper moved by clockwork, messages 
transmitted at a speed of several hundred words per minute ms.y be recorded in 
ink. By attaching a local circuit to the repeating points, and adding thereto a 
sounder, it may be used as a Morse relay to work the long lines of telegraph." 

It will be seen that this ejatem enables motion and sonnd to be 
prodaoed at a. distance without the aid of electro-magnetB or of any 
mechanism to be actnated hy the current itself, as the motion of 
the drum is produced by mechanical means at the receiving 
station. The instrument wbb shown at work at the Conversazione 
of the Society of Telegraphic Engineers, on the 2nd December, 
1 874, and excited much interest. 

449. Automatic TsAHBMrrrBBS. — There have been many forms 
<tf these patented, but all are modifications of that firgt intro- 
duced by Bain to work his chemical receiring instmment, 
which is the basis of the "motograph." In principle the trans- 
mitter and receiver are the same. In each a revolving dram or 
cylinder rotates under a metallic style ; in the receiver these are 
separated and yet electrically connected by a paper moistened 
with an electrolyte which permits currents to paas, and by the 
change of colour produced records the time during which current 
passes, and in this manner effects signals. In the transmitter 
a strip or sheet of paper is interposed, which is perforated at 
the proper times to permit the point to tooch the cylinder, and 
allow the current to pass : thus the marks on the receiving 
paper correspond to those perforated in the transmitting paper. 
But by the same means any kind of receiving instrument can 
be worked, as all transmitting instruments depend npon the 
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makmg and breaking contact in one or more circuits for different 
graduated intervals, and the paper can be airanged to effect this 
mechanically. In other cases a sheet of metal is nsed, either as a 
cylinder or in a flat form, and is written npon with an insnlating 
vamisb. The style traversing over this sheet in a succession of 
close lines produces upon a paper at the other end, moved with 
the same vdooity, marks which reproduce the original writing or 
drawing. 

The advantage of mechanical transmission is that while the pre- 
paration of the menage takes, of course, much longer than the 
direct process, many snob messages may be preparing at the same 
time. But the actual transmission along the wire is limited only, 
by the capacity of the receiving apparatus to record the signals, 
80 that one wire and set of receiving instniments will do the 
work of many worked by band. 

Similar apparatus has been devised to actuate musical instm- 
menta, and, with more snocess, to record on a moving paper the 
notes produced by a performer. 

450. Elbctbio Oboan. — In this the access of air to the several 
pipes or reeds is controlled by an electro-magnet attached to each, 
instead of by rods and levers actuated by the pressure on the ke3>B. 
The keys themselves have no mechanical work to do ; they are 
simply " breaks," and act by closing the circuit of a wire ftom each 
key to its corresponding eleotro-magnet. The work of the per- 
former is therefore far less laborious, and bis touch much lightened, 
while the keyboard not forming a mechanical part of the instru- 
ment, it can be placed in any convenient spot, or, in fnct, at any 
distance whatever from the mosio-producing instrument. 

If a chemical receiving instrument is arranged with a style and 
connecting wire for each key and stop of an organ, &c., and a broad 
strip of suitable paper passes under them, when the key is pressed 
down a mark is produced, which thus records exactly the kind and 
duration of every musical note produced. The keys of a piano- 
forte, and indeed of most instinments, con be similarly fitted so 
as to record, exactly as produced, the musical thonghts or experi- 
ments of the composer, or to exhibit to a teacher, if reqaired, the 
progress and work of a pnpil while practising. 
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CHAPTER Xm. 

DiatlOHABT OF Tbu(8. 

This ohapter is intended to snpplj concise definitions of terms for 
oocadon&l reference or to recall theii fnll explan&tion to the mind, 
bat in some cases information is given on sabjects not noticed in 
tlie other parts of the book. 

AMALaAMATioti. — Zioo is protected from waste b; having its 
Borfitco coated with mercury. For the process with zinc^ see p. 67. 

AinoN. — The electro-negatiTe or cMcax>ns radical of the ntlt or 
acid decomposed. Oxygen, acid radicals as chlorine are anions 
(see Ions). 

Anode. — The pomtive electrode or pole of a battery ; the wire or 
plate connected to the copper or otJier negative element of the 
battery ; the plate which leads the 4- current into a solation to be 
decomposed, and at which are set free the oxygen, acid radicals, 
and all — ions (anions). In electro-metallorgy it is nsaally formed 
of the metal to be deposited, in which case it is called the solnble 
anode or pole. 

Atou. — The supposed nltimate particle of the elements, p. 2. 

There is still mnoh confnsion as to the terms atom and eqnivar 
lent, which were formerly used for the same purpose, bat modem 
chemistry attaches a distinct idea to the atom, which correlates it, 
not only to chemical affinity, but to heat and other forces. 

Atomio Wbioht. — The nilatiTe weights of the atoms as compared 
with that of hydrogen taken as 1. At p. 31a is a table of &g 
atomio weights and other particulars of the elements most im- 
portant in electricity. 

Bahb. — 'Bee Radical. 

Battbbt. — A combination of voltaic cells. The word is com- 
monly— but erroneoosly — nsed for a single cell (e. g. Smee's 
battery), but it strictly means two or more cells coupled together 
in series. For the laws regulating the combination, see Electro- 
motive Force, Besistauce, Gnrrent, Cell. For full description of 
the different forms, see Chapter IV., p. 77. 

BniAS. — See Commutator. 
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Bbidgi. — ^Wheatstoue's. An apparatus for measnrmg n 
hj balanoing the nnknown B against one known and capnlile of 
regulation, p. i68. 

Caloeimbtbb.— InBtmmentB for messnring heat prodnced; for 
electrical uses, they are in £aot simple tkermometerB, aa described 
p. 142 ; but for the meosnring the lieat produced in chemical actionB, 
&o^ very elaborate instmments are nuide, as deecribed in treatises 
on Heat. 

Catoods. — The negative polo of a battery; the wire or plate 
connected to the zinc ; the plate at which, in any decompoeition 
cell, tiie cations or + ions are set fiee. In electro-metallnrgy, the 
object npon which the deposit is to be formed is the cathode. 

Cation. — Electro-positive elements and radicals, which are set 
free in electrolysis at the cathode. Hydrogen and metals in the 
order of the electro series are cations (see Ions). 

CxLL. — Each separate vessel in which a chemical action oocnrs, 
forming part of the electric oircnit. Thna there are the active or 
generating cells — i. e. those whioh form the battery, and the de- 
oompoaition cells, and these last may be of two classes: (i)PasaiTe 
or mere resiatances, snch are those employed in electro-metoUnrgy 
where the metal is dissolved from the anode, and simply transferred 
to the cathode ; (2) where ch^nical force is exerted and absorbed 
in effecting tnie decomposition, as in the voltameter. 

Chbmio. — See Units of Current. 

Ohlobous. — Pole, a term sometimes nsed for the negative pole 
or oathode. Gblorons radical is that radical of a salt or aoid which 
answers to chlorine in HCl — that is, it is the acid radical or eleotro- 
ne^tive element or anion. 

CmoniT. — The path along which the ourrent travels, or in which 
electric tenBion is set np. 

Conductive circnits are those through which current passes, and 
are composed wholly of conducting materials. 

Induetive cironits apply to statio electricity, and are partly 
composed of insulating materials, as air or condensers. 

We may conceive a conductive circuit as represented by an 
endless chain driven by a drum to which force ib applied (this 
representing the generator) ; such a chain will drive any machinery 
to which it is connected, as the current does work. The inductiYe 
oiicuit resembles more a single chain acting on a spring, like a bell 
wire, so that only single impulses oan be given, and on release the 
spring restores the energy, 

Derieed dronits are a divisitm of the path in two or more parallel 
branches. 

CouuuTATOB, — Break, contact breaker, and circuit changer. 
They ore of many forms, according to the purptwe rec^uired; a 
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simple spring presung on s point seiree for ft mere bretA or 
istemipter (rf tiie oarrent, bnt the ftrtangement is often compli- 
cated when it ia neceesary to prorido several different circoits for 
the current. 

GoNDHOTiTiTT. — The degree of power to permit cnrront to pass ; 
it is the opposite of " Besistanoe," which see. 

CoHDDOTOBs. — Snbetances which permit electricitjr to pass. It 
nsed to be thonght that substanceB were of two distinct ciaseea, 
oondnctors and inanlators ; but it is now known that it is oulj a 
qnestion of degree of resiBtanoe. Silver is the best conductor, Qxea 
other pure metals, then allocs ; solntious of electroljira follow, bat 
at a long interval. Gnrrent passes throngh condaotors in the ratio 
of their sectional area, and the inverse ratio of their length. 

GoNNBOTiOHB. — Wires, &c., completing the circuit between dif- 
ferent apparatus ; the^ abonld be snfGciently large, and of copper, 
BO as to give little rasistanoe. There is often much trouble caused 
by the stiffness of etont wires, it is, therefore, well to form a spiral 
upon each connection, so as to give a little elasticity. The best 
connections, however, are made <^ wire cord, snch as is made for 
window saeh-line, or by twisting np fine copper wire into a cord ; 
lengths enited to various purposes sfaotild be cat, aod to the ends 
shonld be soldered pieces of No. 12 copper wire, of a conple of 
inches long, for insertion in binding screws. If these ends are 
well silvered or gilt, mach trouble in deoning will be saved. 
Annoyance from accidental contacts, &0., is also avoided by 
covering these condnctois with narrow tape plaited on, and soaking 
with boiled oil, 

CiTBKiiHT. — This word is used in many ways. The electric 
current means the supposed flow or passage of electricity or 
electrical force in the direction from + to — or positive to n^a- 
tive. It, therefore, or^inates at the zino snrfoce in contact with 
the solution, and passes from the zinc to the copper or other 
n^(ative metal tn the liquid of the battery, but Jrom the negative 
metal to the zino in the external circuit (see Positive and Negative). 
Cwrent also means, scientifically, the measured work done chemi- 
cally, or what was formerly called " Quantity " (which see, also 
Intensity of Current). For the laws governing this, see Ohm's 
Laws and Units. 

In electro-metallurgy an important consideration is the dentity 
of the current — that is, the relation of the actual or total current 
passing, to the surface or area of the anode and cathode. It is the 
current or quantity alone, and entirely irrespective of the force 
developing the current (i. e. intensity in the older books), which 
affects the amount of work done chemically, or which is measured 
either by the galvanometer or the voltameter. The electromotiTe 
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force OF tendon (or intenBitj) is conoerned only in producing the 
current against the special resiat&nce in each case (see Tension). 

Dbksitt. — See Current. 

Elbotsodm. — Faraday's term for the polee or plates leading 
the current into and out of a cell. (See Poles, Anode, and 
Cathode.) 

Elkotbolysis. — The act of decomposition by an electric current 

Secondary electroIysiH is a decomposition supposed to be effected 
by the chemical action of the substance reajly set free by. the 
current (see N'asoent). For explanation of this action, eee p. 256. 

Elkotbolttbs. — Bodies capable of being decomposed by an 
electric current. They mast be composed at (or rather be capable 
of breaking np into) two radicals (see Ions) ; ther^ore, substances 
which contain three or more radicals aie not electrolytes. 

£i.ROTBOMBiiB. — Instrument for measaiing eloctro-etatic charge, 
or tension. 

Eleotrohohtb Fobob. — The tendency to develop electric ten- 
sioD ; in ordinary galvanic batteries the electromotiTe force is set 
np by the attraction of zino for an acid radical; its degree 
depends upon the force and number of such chemical affinities in 
the circuit, and inasmuch as there are also opposing affinities 
tending to develop electromotive force in the opposite direction, 
the actual force depends upon the excess of the total afBnities in 
the direction of the current, over those in the opposite direction. 

Electromotive force may be citiier continuous or intermittent 
Galvanic batteries and frictional machines set np a continuous 
E Ai F, vhich may be compared to gravity in its actions and laws. 

Bevolving magnets, charged coudensers, the secondary wires of 
indnction coils, set up a variable E M! F, which may be com- 
pared to the energy of impulses and with the laws of projectiles. 
Such intermittent forces require a different mode of consideration 
and of measDrement from those of a constant E ]tf F, although the 
same fundamental principles apply to both. 

Elbmbhtb. — The ultimate substances into which all the bodies 
we know can be resolved, and which, themselves, have not been 
resolved into any simpler bodies. There are 63 elements known, 
and two or three more suspected. They are asenmed to exist in 
the form of atoms, and farther information vrill be found under 
that head and under Equivalents. 

Endosiumib. — The power possessed by liquids and gases of dif- 
fdsii^ into each other when separated by a partition or septum of 
animal membrane or unglazed earthenware. Electric endosmoso 
is this action, greatly heightened by the passage of an electric cur- 
rent, which will frequently raise the liquid on one aide of the 
partition several inches above the other. The laws ascertained by 
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Weidemaim Kre (i) tlie quantify of liquid wbich flowB ont in equal 
times is directly proportional to the Btrength of the current ; (a) 
the qaantitioe Sowing oat are (all other oouditiona being eqnal) 
independent of the size of the porous Bnbetanoe ; (3 ) the height to 
vMdi A galTanie current causes a liquid to rise is directly pro- 
portional to the extent of the porous surface ; (4) the force with 
which an electric tension present on both aides of a porons division, 
or in a liquid, urges the liquid from the positiTO to the negative 
side of the putition, is equivalent to a pressure proportional to that 



The action 4b very troublesome in batteries, in which the liquid 
in the zinc or positive cell is transferred to the negative cell. 
Ordinary endoBmose at the same time tranBfers the liquid of the 
negative cell to the zinc, causing local action, as when the copper 
solution of the Daniell cell enters the porous vessel 

SgrnviLEiTTB. — All chemical actions take place in a definite ratio, 
which is explained by the atomic theory as due to the combination 
of I, 2, or more atoms of one sabstance or element, with 1,2, or 
more atoms of others. Each eleinent has its own equivalent weight, 
as compared with hydrogen, as i. There is much confusion of 
ideas, due to the change of modem chemistry from the old syst^n 
of stating reactions in equivalenls to the modem system of stating 
them in aloms. TahleXIII.,p. aia, gives a list of the oquivalentB. 
The relation of electricity to these equivalenta is eoch, that in a 
chain or circuit composed of any variety of compounds of two of 
these bodies (which are, in fact, elements, radicals, and ions), the 
same current would release &om combination the relative weight 
set against each substance. The weights thranselveB are relative 
or alratcaot, bat in this work they are taken as " grains," for tiie 
purpose of getting a definite eleotrio measure of current and work. 

Equitolt. — A unit devised by the author to connect together 
tension and quantity. It is the force engaged in eSeoting i eqoi- 
valent of chemical action in a circuit of i ohm resistance, and 
uuder the volt electromotive force. It is described § 358, p. 217. 
Its mechanical equivalent is 467^ foot-pounds. This unit, when 
thoroughly comprehended, will greatly aid in understanding elec- 
tricity, and the doctrine of the correlation of forces. 

Galtakomktib.— An inatniment for measuring " current " by its 
magnetic effects in deflecting a magnetic needle. They are not 
comparable among themselves onless graduated for the purpose. 
The tangent and sine galvanometers are proportional, so that 
knowing the value of any one deflection that of all others may be 
calculated. The Patent Universal Galvanometer, p. 133, shows on 
its dial the current passing or work doing, and tiie resistance of 
the circuit, in definite units. 



D,o,l7PCihyGt.)t>*^le 



Innnorrow. — ^This is the name given to effects produced ontside 
of the body exerting a force or out of the circuit to which the force 
ie directly appKed. Thus a magnet induces magnetism in neigh- 
boniing m^netic BnbstsnceB, and then attracts them. 

A static chafed suT&oe is said to induce on opposite eleotric 
charge npou surfaces presented to it ; as to which see p. 39. 

A current in a wire induces currents in other conductors parallel 
to it (see Secondary). 

Ikbulatobs.^ Bodies possessing high reEOBtanoe; all, however, 
allow some current to escape or rather " charge," to be lost aa 
current. They are called " electrics," because fHction develops 
electric excitement in them. Ebonite is the highest "no&-.con- 
dnctor ;" parafQu, sulphur, and glass follow. A full list is given 
p. 14. Telt^raphio insulators are the porcelain cups, &o., to 
whtoh the wires are secured, and which prevent electric com- 
munication being formed between the wires and the earth throngli 
the poets. 

Intrhstft. — The old term for the properties now described sa 
electromotive force and tension. Batteries were said to be arranged 
for intetuity when the cells were coupled together in series. The 
term leads to such confusion that it is best abandoned altogether. 

Inlentily of Current. — A term adopted from the French intemite 
de txmranl. It means " quantity ; " and the best vrriters now use 
the simple word " current," to avoid the confusion of these con- 
flicting terms. 

loHB, — Faraday's term for the two parts into which an electro- 
lyte breaks up ; they may be regarded as " radicals," and may be 
either single atoms of elements, doubled atoms which still act as 
one chemically, or they may be compound radicals, lihe cyanogen, 
ammonium, and the radic^ of acids. They are of two classes, 
named from the electrode at which they appear ; but it most be 
remembered that the same radical may be an anion at one time and 
a cation at another, according as it ie united with a radical mote or 
less high in the order of affinity (see Anions and Oations). 

MxABUBKHBNT. — See Units. 

MoLEOULB.— The ultimate particles of free or complete sub- 
stances. Modern chemistry draws a strong distinction between 
atoms, equivalents, and maleculos, terms as to which there was 
formerly much confusion. The true meaning is fully eqdained, 
pp. 5-8. 

ISasobnt. — It is found that subetances have a much greater 
chemical force at the instant in which they are being set free from 
combination than when they are free bodies. They are then called 
" nascent." Most of the processes of electro-metallnrgy are usually 
considered to be effected by secondary electrolysis, through this 
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action of nascent bfdn^es. This special vniergj is sappoeed to 
be owing to substances (or radicals) being ttien in the atomio 
instead ^ the molecnlar condition, and therefore hanng all their 
chemicttl energy or attractions engaged in seeking a combinati<m. 
It is conunonlj tlie case, also, that a radical cannot be set &ee at 
all, nnless in the presence of some other bodies with which it 
is capable of uniting. 

Nbgatitx. — In the battery, the copper, carbon, or platinum plate. 

Negative lotu. — Oxygen and acid or chlorous radicals. 

Netfalive Pole. — Cathode, platinode. 

Notation. — The mode of expressing chemical sobstances and 
leactionB by their symbols. There are many modes of expressing 
the same things in different formuUe aceording to the specisl 
theory of constitution adopted, or the particnhir view of the 
matter intended to be described; and there are two distinct 
systems in use : the atomio or new notation, and the old e^mvalent 
notation. 

There are also many ways of writing formulie. That lued in 
these pages is the simplest known, being based upon the binary 
theory of salts, and showing every atom in a reaction by its distdnot 
symbol. 

Some &ncifiil formnhe have been used lately, for the purpose of 
expressing psiticular theories of the constitution of substances. 
The most prominent is Frankland's, based on the hydroxyl theory. 
It is exceedingly puzzling, as it does not show real atoms, but the 
supposed compound radicals of the theory, and as Ho and Cuo . 
mean something different from the usual HO and CuO, it is rarely 
written, and never printed correctly throughout. 

Ohh. — The unit of resistance, called the British Association 
unit (see Unita). 

Ohm's Laws. — These formula, devised by Ohm, enable ns to 
calculate &om certain data all the information we require. The 
symbols should represent fixed units (see TJnits) to obtain definite 
results. Otherwise they are merely comparative. 

E stands for electromotive force, B for resistance, for current. 
Any two of these being known we can calculate the third ; thus 
knowing the force of the batteries to be used, and the reBistance of 
a circuit, we con calculate the current geneiated, and therefore the 
amount of work to be effected under any given conditions. 

E 
Current ^ ~ n 

Besistanoe -^ = n 

EleotromotiTe Force E = C x B 

n™-AMiiyG(.Hl'^lc 
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In these formnlffi the sjrmbols represent the total forcea and 
reaietftnces of the circuit, which are ascertained from their eeverftl 
component parts. 

Paraffin. — This valuable substaiice is obtained from cannel 
coal b; distillation. Another form of the Bnbstance is caUed 
Ozokerit, or earth wax. Its name (withont affinity) describes' its 
value, for it is scarcely acted on by any of the chemical agencies, 
aoids, alkalies, &a. ; it is also one of tho best of iasolating snb- 
etanoes, and resistants of moisture. 

If the stoppers and necks of bottles are warmed and mbbed 
with a piece of paraffin they will never set fast, nor will the 
chemicals act npon the ground glass, while the most volatile 
substances are perfectly secured. Labels also may be preserved 
from damp and acid fiunes by wanning them, after they are fixed 
and dried, till th^ will just melt and absorb a little - paraffin 
when rubbed on them. 

Whenever it is applied for electrical purposes to paper, wood, 
or insniated wire, the material should be baked perfectly dry first, 
and treated while hot. It has been said that copper wire is acted 
upon after a time, but it would appear that this is due to imperfect 
cleaning from the acids used in preparing the paraffin. This may 
be remedied by melting and stirring up with boilii^ water and 
then allowing it to cool, repeating the process with two or three 
waters. Pure white paraffin only shotUdbe need. For caudle 
making it is otksa mixed with atearine, &o., which unfits it for 
electrical uses. 

pLATiNODi. — Daaiell's term for the cathode, or that plate in any 
cell which does not dissolve. 

FoLABiZATioK. — The act of arranging the substances which form 
an electric circuit in a polar order or chain of -|- and — radicals, 
presented towards and reacting on each other. It resembles the 
arrangement which takes place in a number of magnetic needles 
which arrange themselves in an order of NS, NS. 

Polarisation of Plates. — This very confusing and absurd term is 
applied to an action which occurs whenever the current passes 
from liquid to solid conductors : there forms en the surface of the 
latter a film different from the liquid, by which there is not only a 
greater resistance introduced, but an electromotive force is 
generated, opposing that of the current, so that if suddenly con- 
nected to a galvanometer, and the main circuit broken, a reverse 
current will be maintained for some time. On this principle are 
constructed, for some puiposes, what ate called " Secondary 
Batteries" ^ee p. 252). 

PoLBH. — The wires, plates, &c^ leading from the battery ; their 
name is tiie opposite of that of the plate they lead from ; thus th« 
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zino is the positive metal, pl&te, or element of the battery, bnt the 
wire leading from the zinc is the negative pole. 

FoaiTivi. — In the batteiy, the zino plate ; in a decomposition 
cell, the anode. 

Pontive Pole ; +, the anode, the zinoode, hj vhich the current 
enters another oelL 

Pontive Joni ; hydrogen, metals, and basic radicals. 

FoTZKTUL. — A mathematical term much misunderstood and mis- 
ap^ed(Bee § 205, p. i^'^. 

The Potadial of a battery means its electromotive force. 

The PotefiH<d of any point nsnally means its tension above or 
below "earth" or "zero." Sir Wm. Thomson's definition of 
Potential is, " The Potential for any point A in space is a quan- 
tity depending on the positioii and dectrical state of ell bodies 
wMch act at the point A, for the present confined to all electrified 
bodies in its neighbourhood, and sneh that the difference between 
the values of the potential at the point A, and the potential at any 
other point B, is a measnre of the tendency of electricity to flow 
from A to B, or vice vertd, supposing A and B connected by a small 
conducting wire. It follows from this that, when there is equi- 
librium, ttie potential at every poiat of an electrified insulating 
conduolang body, including every other insulated conducting body 
connected with the first by wires or other conductors, ia the same, 
and may be measured by connecting, by a conducting wire, any 
part of the conducting body with any insulated eJectromet^ of 
BufBeient delicacy." 

QuANiiTT. — A term based on the idea that electricity is an 
actually existing element having quantitative relations to diemical 
actions similar to the atomic weights of the material elements. 
The definition applicable to existing ideas of the nature of elec- 
tricity will be foimd under " Current" 

BADiOAiiS. — Either elementary atoms, or compound bodies which 
act like atoms, retaining their oompletenees and individuality 
through a series of chemical changes. It is considered that the 
acids are formed of such radicals whose aftractions are satisfied 
by hydrogen, while salts ore the same radicals satisfied by metals 
or compound baeylous radicals. These radicals are the ioTtt of the 
theory of electrolysis. 

BaDtTOBs Lbnoth. — ^A term sometimes nsed to express a re- 
sistance in the terms of its equivalent length of wire or resistance. 
BH8i8TA2fOB. — The opposition ^presented by the circuit to the 
development of the current; it is an inherent property of every 
substance, varying in degree in each substance, from silver, the 
best conductor, up to guttapercha and the other Bo-caUed non- 
conductors. Whatovei the special substance however, its Bctnal 

t;oosic 
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reBiBtaiice may be ezprdssed in any common nnit ; ihna wo may 
deBcribe the resistance of a decomposition cell as eqnal to so many 
feet of a giyen wire. The anit of resistance now generally 
employed is the ohm. 

Besiatance requires to he conBidered in the various eectiona of 
the circuit as " internal," that of the battery itself; and " external," 
that of the work to be done, the condnotors leading to it, and any 
measnring apparatus employed. 

Resistance, when it is not work in some form, always converts 
the energy of the corrent into heat (see ' Ohm's Laws and Units '). 

BxiABDATiOH. — A term appKol to the inductive action which 
reduces the rate of signalling in snbmarine cables. A signal to be 
transmitted requires a current at the receiving end adequate to the 
mechanical work to be performed in the instmmenta. The amount 
of that current is measured by the well-known Ohm's formula. 
But that current is not obtained in the receiving instrument at the 
instant of making contact at the transmittii^ end. A charge has 
to be given equivalent to the inductive capacity of the cable, and 
this charge acts aa a resistance, great at ^t, but gradually 
diminishing to nothing. Boring this process the current at the 
receiving end increases as the momentary value of this inductive 
resistance diminishes, till it reaches the amount due to the ordi- 
nary wire resistance of the circuit. 

BuBOSTAT. — Ameasure of resistance. The name is usually given 

Bboondabt Wibe, in coils, is the long and fine outer wire in 
to Wheatstone's instrument, p. 157. 

Bboondabt. — An action or a circuit depending on another. 

SxooNTABT Action. — See Electrolysis. 

Sboontast Battbet. — See Polarization of Platee. 
which the induced current is set up by the magnetio reaction of 
the core. 

Tknsion. — The strain put upon the circuit by the eleotrconotive 
force ; it may be regarded aa a single amount, or aa -|- and — equal 
in opposite directions &om the source. At the source it is equal 
to the electromotive force ; calling this 100, it fells throughout the 
circuit in exact proportion to the resistance ; it is, in fact, used up 
in passing the current against the resistance ; the effect d tension 
is explained, p. 154. 

Unpib. — The various bases of any system of measurement. 

The Abiolnle are based upon the units of mass, leugth, and time, 
1 gramme, i metre, and I second ; the fundamental unit is that 
force which can generate a velocity of one metre per second; 
gravity being a force of 9'3ii such nnita (or ^2*3 fL per aecond). 
For praoticid use la^er units have been devised by the British 
Association, viz. : 
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EleeiroMotue Force and Tension. — The toU = lo* or 100,000 
ftfaeolnte units. The Darnell's cell, that ie, ike clieinical affinity of 
zinc displacing copper from its union with snlphnrie radical, ia 
1*079 vlte; A°d therefore, for rough purposes, may be taken as 
artdt 

Baulanee, the ohm = 10' 01 10,000,000 absolute units; ohm 
measures made of Oennan-silTer wire can be obtained of scientific 
instmmont-makers, and from them instromenta for moasnring 
resistances can be made as described, pp. 158 and 171. 

Curreni, — The Teber, — , = 1 o~ ' or ■ o i absolute unit per second. 
10' ' 

I veber decomposes ■00143 grain of water. 

The Chemie. — Tho unit of cnrrent is mndi more conTeniently 
based npou an equivalent of chemical action, or quantitative result, 
and the unit used in this work is a cnrrent effectaog one equiTalent 
of chemical action (in grains) per ten hours. A current of i veber 
per second is equal to 5 - 68 of these units, therefore in any calonla- 
tions (see ' Ohm's Laws') the unit of eleotromotiTe force (the Yolt) 
would hare to be multiplied by 5 ' 68 to give the result in ohemiou 
units, and a force colcalated from these units would be divided by 
5 '68 to express it in volts. This nnit I call a "chemio." A 
chemic, therefore, is a rate of current which in a second is equal to 
' 1 7606 of a veber, and would in t«n hours deposit or set free i 
equivalent in grains of any element or ion. 

Current and Energy. — See Equivolt. 

Vebeb. — See Unite of Current. 

Vour, — The unit of electromotiTe force and tension (see Units), 

VotTAKBTKB. — An apparatus for meaauring the current by its 
chemical action ; the term is usaally limited to a vessel provided 
with two platinum poles for the decomposition of dilute acid, and 
with tubes for collecting and measuring the gases given off. 

ZiNOODS. — Daniell's term for the anode. 
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Atomic weight and gas volume, 245. 




ABgOLVTB (see UnitsX 149. 


,tebiror^2. 


Acid, b&ttray Eolnlion, work of, 89. 




Adherence, to secure, 269. 


, , not necessary, 246. 


, to prevent, 273, 279. 


Atoms, condeufled, 219. 


Affinity, chemical {?ee BlectKTOotiTe 


-— , defined, 4. 


force), 84. 


, energy, a constituent of, 2, 246. 


, eleotive, tme meaning of, 214. 


move m space, 4. 




unite in deBnito ratio, 245. 


, probable cause of, 78. 


Attraction and repolaion. laws of, D7. 


Air, aa oiidant in ceimie. 


— of magnets, oause of. 326. 


, film of, effecU of, 269. 


—— of elcctro-mapets, laws of, 343. 


Alums, electric, 359. 


Automatic (we Telegraph). 






Alloya and heat (»« Beeistanos), 143. 


B. 


, condoctiritj o^ 176. 


, depoBitiDg, 309. 


Balance (see Electrometer, Tension). 




BaU lightning, 315. 


, , Bolutiona for, 308. 


Batteries (eee Cells). 


Alum, chrome, formed in battery, 107. 


, amngement of, 117, 196. 

, olasaiBoation of, 79. 


Alaminnm. deposiUiig, 308. 


Amalgam for moohineB, 36. 


, coat of working, 120. 


Ama^mating zinc, 87. 
surfaces for plating, 271. 


.insulation of, 117. 






233. 


256. 
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not a radical, 242. 


Ammonium, chloride, danger in electro- 


tive), 222. 


lyzing, 256. 


. Dsea each is smfed for, 126. 


forma doable salts yi\ih rino. 


Bells, electric, 358. 


114. 




AmpJte'B theory (sm Magnetism). 72. 


246. ■" ' 


An(^ meaning of, 241, 364. 




, solU aoonmulste at, 203. 


246. 


, soluble, appearance of, test of 


Binary, theory of sails, 210. 


working, 299. 


Bound electricity, 52. 


, , relaticn to fores of, 259. 


Brass depositing, 310. 


Alc, multiple (jes Batteries). 196. 


Break, contact, for coils, 351. 


Armature, revolving, ourrenta in, 328. 


Bridge, WheatBtone's, 168. 
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Astatic {tee Needles), 125. 


, mode of using, 174. 
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Bright deposit, 800. 
Britannia metal, plating on, 271, 298. 
Brititb Ataociatian Committee, 145. 
BtMize, to deposit, 310. 
Broiuing, vuioos, 299. 
Brodi and star diachaige, 61. 
BnmishiDg before pUting, 27(l. 
SnUhed work, 300. 



Calorimetan, 142. 

GapMitj, indnctire, tables o^ S3, 352. 

of condenser*, M. 

Capillarity and electricity, 138. 
Carbon and electromotive foroe, 223. 

, connection to, 103. 

tot battariee, 102. 

, reBlrtaaoe of, 104. 

Cathode, 865. 

Celle (h« Batteriei, DepoiitinK). 

, air need as oxidant in, 116. 

are of two orderi, 2*2. 

are Bectiona of the circuit, 86. 

. arrangement of (MB Current), 196, 

203. 

, bottle form of, 93. 

, closed ooaatmction of, 93. 

, decompoaition, act aa condeneera, 

251. 

, electromotive force of, table, 224. 

, dngle liquid, faalta of, 94. 

, size and form of, 89, 202. 

, size of, does not affect B U F, 92. 

, with oxidants, 101. 

, work and constancy o^ 118. 

, zinc, solutions for, 106. 

Cells or Batteries : 

, bichromate of potash, 108. 

, , single cell, 109. 

, , solution for, 108. 

, , with nitric acid, 108. 

, calcium chromate, 111. 

, Callan'a, 104. 

, Callaud's gravitj, 101. 

, carbon and zinc, 92. 

, , arliflcial, 103. 

, , granular, 104. 

, Clark's standard, US. 

, copper and zino, 90. 



Cells or Batteries (amtinvtd) : 
Delanrier'a, 110. 
Faore's, 104. 

Fitzgerald and HdUot's, 111. 
gas, Qrove's, 116. 
Gladstone and Tiibe't, 116, 
eraiitj, 101. 
Grenefa, 114. 
Grove's, 101. 

, table ofEHFo^ 225. 

Hightoa's, 114. 






:, 91. 



e» negative, 104. 

, as positivs, 106, 226, 

, perohloiide and oxide, 112. 

lesd sulpliate, 114. 
Leclanoh^ 114. 
manganese, peroxide of, 112. 
— -^, excitants for, 143. 

crystals formed in, 114. 

Marie Davj, 115. 



. without porous jar, 100. 

mercury sulphate, 113. 

Miootto, 100, 

nitric acid, reactions of, 105. 

odds and ends, 93. 

silver and ziuc. 91. 

chloride, 115. 

Slater's, 106. 

Bmee's, 91. 

, oloeed form of, 92. 

. for larfe works, 91. 

, used as a voltaineter, 91. 

spiral wire, 101. 
, varioas, 116. 
Cement for glass, 16. 

for oelU, 97. 

Chains are bad as condoctors, 35. 
Charge, 320. 

, aoalogons to magnetism, 821. 

, depends upon sorfaoas, 47. 

, , because these bound B di- 
electric, 41. 
— — , distribution of, laws o^ Wily ap- 
proximate, 41. 

, division of, 27. 

in HuTjinarine cables, 320. 

. nature of, illusteted, 252. 

on cylinders, 43, 49. 

on hollow spher^ 42. 

on spheres, 42, 

, theory of, fluid, 27, 46. 

, , molecular, 28, 47. 

, to ascertain if + or— , 17. 
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Charged bod; iBao(mdeiuerooaling,30. 
Ohemio, the, 85, 374. 

, E M F eipreaeed in, 201. 

Ohemicel Que ACSnitj, Contact, and 

Meaanrement). 
ChimneTS, why they draw lightning, 

317. 
Chlorides, eleottolyBiB of, 2M, 262. 
Oircoit (lee Derived, loductiTe, Hag- 

netism). 
— , hydranlio analogy to, 2M. 

, magnetic analogy to, 220. 

, polar Older in, 243. 

, qoantitT eqail in every section 

of, 86. 
Cirealatioii, e&eot of, in depositing 

oeil, 2S6. 
Clark's potentiometer, 232. 
Cleaning prooeaaea, dry, 269, 

, wet, 271. 

Cleaniinefis, necesaity for, 269. 
Clouds, state of, in thnuder-stoim, 315. 
Coercive foroe of iron {ut Magnetiam), 

Coils (m« Eesistance). 

, indnction, break for, S!l. 

, , constmctlon, preoautions 

-■- 356. 

, , core of, 3*5. 

', , eaaeutial parts of, 315. 

-, lavs of, 352. 

-, noted ones described, 351. 

-, primary of, 347. 

-, aeoondary of, 348. 

, medical, 357. 

Coloored deposits, 266. 
OoloQring gold and silver, SOB. 
Combination of aoids and 



Ooodoctivity, heat, eSeot on, 178. 



213. 



ides, 211, 



Combustion, 808. 

, energy of, 341. 

Commutator, double contact, 170. 

for magneto-electrio macliioe, 330. 

■, reversing, 354. 

Condenser, action of, in coils, 852. 

, capacity of, 54. 

, oonstruotion of, 53, 352. 

plal«s, 50. 

Conduction in liquids. 193, 261. 

, without electrolysis, 261. 

in solids not electrolytic, 319. 

by moleonlar rotation, 327. 

Condnctivitj (m« Metals) and resist- 



3, 176. 



effect d 



177, 



, specific, 176. 

Conductor, prime, 34. 
Conductors (sea Lightning), 366. 
Connection before immersion, 297. 
Connections (see Meronry)^ 273, 366. 

, chains not good for, 35. 

, lor depositing cells, 2B9. 

, plugs for, IM, 

to carbons, 103. 

to non-conductors, 278. 

Constancy defined-, 94. 

of cells oompared, 118. 

, to secure, in eiperiments, 96. 

Contact and chemical Ibeories, 116, 218. 

theory disproved, 116. 

, part of molecular, 24. 

Copper, as n^ative in cells, 90. 

, black depoeit on, 90. 

, oonduotivity of, 181. 

depositing, details of, 292. 

, solution for, 290, 291. 

, pure, why deposited, 255. 

, to remove, off silver, 272. 

wire, table ot, 188. 

Core of coils, 345. 

of helical wire, 323. 

Correlation of force, 62. 

equivolt, the unit of, 218. 

Cost of cells, how ascertained, 99. 

, table of, 120. 

of energy, electrical, 343. 

, mechanical, 343. 

of materials, table, 119. 

Counter force (ite Electromotive foroe). 
Crystals and solubility, 192. 
Current, 82, 155, 201, 365. 

, analogy in hydraulics, 204. 

, chemical action of (see Electro- 
lysis), 362. 

, density of, 283. 

, , effect on depodts, 285. 

, induced, direction of, 824. 

, inductive, how prodiu^ed by, 322. 

-, intensity of, 148. 

, laws of, illustrated, 201. 

, magnetic relations of, 67, 320. 

, molecular traneioiaaion of, 84. 

, transmitted by rotation, 319. 

Cnrrenta, heating effects of, 142. 

, magnetism, how produced by, 322. 

, produced by motion in a magnetic 
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Onneuts, ndstaneo to i^nlate, 2 
Cnrve, muKoetic, M. 
Cfauide of potnasliun, 2M. 
, teat fw fiee, 295. 



Detuitv, 45, 5S. 

of onireot, B83. 

Depoait (im Adtierenoe). 

, flrat requii'ea highw (broe, 298. 

- — , to produce bard, 284, 
Depositing (les Alloya, aod Kamea of 
MetalB). 

t of objeots in, 



, circulation in, effect of, 286. 

, reaiatanoo of, 282. 

- — -, tension, effect oC in, 284, 
Derived cirnnits, 196, 

, resiHlsnoe of, 196. 

, tensiou in, 166. 

, with different E H foreee 

ln,2S8. 
Diamagnetinn, 66. 
Dielectrics, tables of, 53. 
Diachargo (see Bpnrk). 

, bmah and star, 61. 

, burning of metale in, 62. 

, molecular moliona attend, 62. 

Dlacharger, uniTsreal, 353, 
DisHimnlated electricity, 52. 
Dissociation, analogr to eleoticlysis, 

262. 
DiBtanoe, laws of; 57. 
Distribution (im CbargoX 40. 
Duplei (sM Telegrophy). 
Djiuuuo-electrio Machines : 
— ■ - , general theory of, 328, 331. 

, rate of motion, effect of, 329. 

, work of, 340. 

, Giamme's, 332. 

, , armature, 332. 

, , construction of, 337. 

, , E M F of oooatan^ 334. 

, , theory of, 335. 

, work of, 3*0. 

, Udd'a, 331. 

, , work of, 339. 

, Marcua'fl. work of, 340. 

, Siemens', annatare tat, 330. 

, WUde'», 330. 



E. 

Euth, a magnet, 72, 320. 

battery, 117. 

, connection in static electricity, 29. 

, , for oonductors, 317. 

, relation of, to lightning, 3It 

, return circuit through, 193. 

, supposed Bcti'jn aa resenoir, 20. 

■ , disproTed, 40. 

Ebonite for electric uiacbiae^ 32. 

, snlphurio acid, forms on, 82. 

. to make tubes of, 348. 

Economy in working, 87. 
Edison's motograph, 361. 
Electricity, general remarks on, 11. 

, mode of studying, 11. 

, mysterious nature of, 11. 

Electrics and non-eleotrica, table, 14. 
Electrodes deSned. 253. 

, selective, action at, 255. 

Electrolysis (tee Anod(«). 

, actions produced by, 255. 

, analogy to dissociation, 262. 

, affinity is not suspended by, 253. 

, current passed witliout, 261. 

, does not occur in solids, 319. 

, energy absorbed in, 259. 

, experiments in, apparahu for, 

261, 

, laws of, Faraday's, 244. 

, , general, 256. 

, rate of, formula for, 251. 

, secondary, 25i. 

, , real, 256. 

, termn of, 241. 

, transfer by, apparent, 264. 

Electrolytes, action ejnong mixed, 258. 

, aa derived cirouita, 258. 

, intrinsic energy of, 250. 

. mixed, relation of current to, 257. 

require different E M forces, 

252. 

, simple defined, 254, 260. 

, solids are not, 319. 

, , until fused, 214. 

, true, defined, 260. 

Electro-magnetic (jee Engine). 
Btectio-ma^etism (s««tu^etism), 319. 
Eleotro-metellurgy (see Deposit, £Ueo- 

trolysis). 

anodes teat working in, 299. 

, bstlerial suited for, 267. 

, E M F required in, 281. 

, galTanometer, use of, in, 268, 283. 
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Electro-metaUnrgy, lava o^ 281. 

, , Bniee's, 280. 

Eleotrometpra, GO. 

tmd galTiinoineters, diitinotion, 15. 

, Coulomb's toreioa, 56. 

, Harris's bolaaoe, 57. 

Elactiomotive force (lee Enorgj), S2, 
152. 

and spedflo energy, 2S6. 

, Darnell, as standurd of, 152. 

, eiperimenta in, apparatus for, 

367. 

!30. 
201. 

'of coils, table of, 224. 

, iadepandent of size, 90. 

ot positive mefala, 226. 

. the source of, 2i;3. 

, nagatiTe, or counter, 195. 

■ , , how set up in electrolyslB, 

, , of cbemical reactions, 228. 

, , of negative metals, 227. 

Electrophoms, 15. 

, its relation to charge, 27. 

ElectroacopcB, 16, IS. 
Bleotrotypes (»ee Deposit), 273. 



, table of properties of, 212. 

Bnilosmoee, electric, SbT. 
Eoergj C«e Work), 

, a oonstituent of mbatancei, 7S, 

247. 

' and matter, 207. 

and phlogiaton, 78. 

cost of, in various fonus, S43. 
, measuring expenditure of, 82, 339. 

, mechanical, 82. 

, , ft.-lb., unit o^ 82. 

of fuel and engines, 340. 

of pjoto-salts, 214. 

, potential, 78, 207. 

, ratio of oonveridon by Dynamo- 

elactric njachinea, S38. 

, apparatuB for testing, 339. 

speciSc, 209. 

tranaforniBtion to electricity, 79. 

les and fuel, ooet of, 843. 

electro-capillary, 1S8. 

electro-magnetic, 341. 

, Oamaoho's, B42. 

, general principlea o^ 342. 

, fallnre ol, oauies, 190, 343, 



Equivalent, cbemical, 368. 

, electric, 86, 195, 248, 265. 

• of current {see Chemio), 85. 

GqniTolt defined, 217. 

, the unit of correlatioQ, 218. 

Ether, hypothetical fluid, 3. 

, relatiou of, to electricity, 3, 31. 

, , to molecules, 21. 

replaces several old Quids, 3. 

Exceptions to laws, how to regard, 

248. 
Experiments, how to study, 349. 

, the basis of knowledge, 14. 



Farad, the, unit of quantity, 154. 
Field (ut Uagnetic), 66, 326. 
ITlowerB, depositing on, 277. 
Fluid theory, one, 20. 

, two, 19. 

, inconsiatencies of, 23, 28. 

Fluids, replaced by the ether, 3. 
Foot-pound, the, 105. 
Force (see Energy, Work). 

and pbysiraj state, 2. 

Friotiou, how it produces electricity, 23. 

, list of reacting eubatances, 23. 

Frictional electricity, theory of, 15. 
Fnel, energy of, and coat, 340. 
Fusible metid, 274. 
Foatng point of metals, 141. 

G. 

Qalvanometer and electrometer, dis- 
tinction of, 45. 

, capillary, 138. 

, differential, 135. 

, needles for {tee Needles), 123. 

, ordinary simple, 131. 

, principles of, 122. 

, sine, laO. 

, stand for, 125. 

— — . suited toWheatstone's Bridge, 169. 

, tangent, 126. 

, ThomsoD'a refieoting, 136. 

, tmiversal, 131. 

, , patent, 133. 

, valuing, deflections of, 128. 

Gases, laws of volume oC, 147, 24S. 

, molecular heat of, 147. 

. unit volume of, 141. 

Gauge (see Wires), 179, 
Getman silver, properties of, 137. 
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Gflmun direr, rMiatanoe of wicee of, 

162, ISl. 
Gilding solution, 302. 

, BpoUt, 303. 

GIuB oondenaea moiature, 15. 

, qotJit; of, foi maohinea, 33. 

OIdb, DUkiliie, 275. 
Gold, oolouriDg, 308. 

, depoaitiag, SOS. 

, to remote. 272. 

Gramme {see Dynamo-eleistiic), 332. 
GraTitatioa, relation of, to nutter, 9. 

, force of, 149. 

Gravity, apeciOo, 160. 
Grove (m* Cell*). 101. 



Heat (>ee Carreut, ReeLelanoe). 

, analogiea to electriciCf, 45, 262. 

, to eleotrolyeiB, 297. 

and work - square of current, 235. 

, atomic, US. 

developed in wires, 143, 

, latent, 207. 

, of constant praBsure and volume, 

147. 

, apeciflo, of metals, 143, 146. 

units, 146. 

HeUwB, polarity of, 324. 
Holtz deotric maoliine, 38. 
Horse-powei, indicated, 341. 

, work equivalent, 341. 

Hydrc^eo a metal, 77. 

......_ ... -n batteries, 22. 






t, 254. 



Indaction, 31, 47, 369. 

by magnets. 825. 

, deftDed, 320. 

, how produced by carrentg, 325 

, meaaured as reeisUinoe, 190. 

Inductive circuit, 3^0, 365. 

, electric maohinea, 37. 

Inaeots, depositing on, 277. 
loaulalors for battariefl, 117. 
Intenflity (mj Magnetic, Teasion), 



-ofci 



3, Work). 



— , depositing, 306. 

— , depositiog on, 303. 

— perehlorideand oiide, in oellBi H2. 



Ladd (tee Dynnmo-eleotrio), 331. 

Lntent heat, 207. 

Lead iste Cells), peroxide of, 112, 266. 

Leakage of electricity, 321. 

I/enz'fi law of eleotro-maguetiam, 328. 

Leyden jar, 54. 

, theory of, 55. 

Light, effect of, on resistance, 178. 

.elfictrio, 118. 

,- — -, at Housesof Parliament, 338. 

Lightniog, ball, 315. * 

-— , oommon ideas of, 314. 

conductors, area of protection, 

316. 

not to be insulated, 818, 

■ — — , pointa to be applied lo, 318, 

, principles of, 316. 

, death by, paioSess, 315. 

— — Basb. lengtA and duration of, 316. 

, marks on those killed by, 315. 

Lippmann's electrometer, 138. 
Liquids {see Currents). 

, conduoHoo throngh, 193, 261. 

, resistance of, 191. 

, , apporatua for testing, IM. 

Local action, 86. 
Logarithma, value of, 179. 



Machine, electric, cylinder, 36, 

, , enclosed, 36. 

, , Holtz, 87. 
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Bbcbine, electric, plate, 37. 

, , principles of, 32. 

Magnetic analogy of electric oironit, 
220. 

curve, 64. 

field. 64, 66, 328. 

, nvoleouiai condition of, 826. 

, ohangea produced by 

motion is, 327. 

force, l»w« of, 74. 

, tested by fllinee, 63, 

intensity, 76. 

doea^ not affect deflectiaa of 

needle, 125. 

moment, 7S. 

needles, 123. 

aatatic, 125. 

, law of swings of, 124. 

poles, 61, 75. 

Magnetism, Ampfere's theory of, 72. 

, , objectionB to, 73. 

, analogy of, to charge, 321. 

, a static force, 66. 

, discovery of, 63. 

has no single direotive power, 

321. 

, lawB of electro-, 344. 

, molecular, theory of, 73. 

, production of, by currentB, 322. 

^ , at right angles to current, 

66, 321. 

Magnetizing by bar magnets, 69. 

coil, 70, 

for needles, 123. 

Magneto- elootrio (see Dynamo - elec- 
tric). 

Magnets and onnents, relations of, 66, 



, form and arrangement of, 71, 

, molecnlar, constitution of, 65. 

, steel suited for, 70. 

Manganese peroxide (aee Cell), 112. 

, a eondnctor, 113. 

Matter (see Energy), 2. 
Measurement, by chemical actions, 138. 

, by heating effecta, 141. 

, by magnetic effects, 122. 

, principles of, 144. 

, the atom, nature's unit of, 145, 

, the basis of experiment 267. 

Mechanical analogy to electricity, 81. 

energy, true unit of, 147. 

, coat of, 343. 
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Mechanical energy, ft.-lb., unit of, 100. 

, equivalent of heat, 146, 147. 

Meidengei cell, 99. 
Mercury cups, 133, 161. 

, reaistance of, 177. 

aulphftta, 115. 

Metallo-chromea, 266. 
Metals, conductivity of, 178. 

, melting point of, 143. 

, specific beat of, 143. 

MetRpbysics, 1. 
Molecular types, 5. 

disturbance in disoharge, 62. 

rotation, a cause of current, 319. 

, diieotion of, how caused, 



85. 

, polarity of, 220. 

, relation oif, to energy, 

, two classes of, 7. 

, aniverae compared to. 

Motion, its converaion tc 

electricity, 13, 40. 
Motograph, Edison'a, 364. 
Moulda, elastic 277. 

, guttapercha, 274. 

, preparing, 273. 

Multiple arc, 196. 
Music, recording, 363. 



Nascent (see Hydn^en), 79, 369. 
N^ive plate, actions at, 222, 229. 
Nidcel, depositing, 305. 

, solution for, 304, 

Nitrates, aUialine (see Cells), 106. 
Nitrio acid, electrolysis of, 105, 250. 

, (see Cells), strength 01, 105. 

Notation, chemical, 8, 370, 
, Franbland's, 370. 

0. 

Obnects, precautions in removing. 
293. 

, preparing for deposits, 269. 

Ohm, the, unit of reaistance, 155. 
Ohm's Uws, 82, 118, 199, 370. 

, same as mechanical, 199. 

Organ, electric, 263. 

Ondants, action of, in oclla, 226. 

Osone, how generated, 261. 
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p. 

Pail eiperiment, Faradny'a, 47. 
Faiaffln, lues of, 103, 3T1. 
Psraffining veeaeld, 9S. 
Pendiaiim, Inw of the, 124'. 
Peroxidea prodowHl, 266. 
PbJogUton and polential eoergj, 78. 
Phospbatea, electroljiiia of, 269. 
Phyaiail atafe and energj, 78, 
Plaster of Paria, 273. 
Platinizing eilver, 91. 
PUtianm, chloiidea of, 92, 308. 

, depositing, 307. 

, B M F of, Taciable, 223. 

Plugs for eonneotioni, 159. 
Plumbago, quality of, 278. 
Points, action of, bi plained, 4*. 
Polarization of plat^ 2S2, 871, 

, aet up b; + metal, 221. 

, the proceBB of, 22. 

Poles (iff Magnetic), 371. 

and platea of battery, 80. 

Porous jara, B4. 

PoBitive and negatiTe eleotrioity, dif- 
ferences in, 61. 

metala, B M F of , 226. 

Potential, 154, 372. 

energy, 78, 207. 

Potentiometer, Clark's, 232. 
Prima oonduotor, 3i. 
Proof plane, 27. 



Quantity, dynamic (sea Chemio, Vebor), 



B. 

Badicals, claBaifioitioii of, 84. 

Belays, 359. 

BepulsioD, apparent only, 19. 

eiplained, 30. 

Besiatance (see ConductiTity), 82 

and heat, 177. 

- — - and work, 187. 

, definition of, 155, 194. 

, eitemBl and iDternal, 203. 

instrmnents, ooils for, 158. 

. , decimal form, 159. 

_-, construction of, 161. 

, wires suitable for, 162. 



Beeistance instnuneiita, iriUi bridge 

combined, 171. 
, , decimal form, 172. 

^ ___^ Poet-o£Boe form, 172, 

—, laws of, 177. 

— , meaaaring, 157. 163. 

— -, by gatvanometer, 129, 155. 

, iatemal of cells, 233. 

, of wires at 6r, 182. 

. ipeciGc^ 195. 

, the ohm, unit of, 155. 

Besistances, aoiisecutiTe, 195. 
Betardation, 321, 373. 
Bheoalat, Wbeatstone'g, 157. 

converted to potentiometer, 232. 

Botation of armature, process of, 329. 

of molecnlea, a cause of ourtent, 

320,327. 



St. Elmo's fire, 315. 

Salt, action of, in batteries, 225. 

Baits, theoria of, 210. 

Bcralch-brashJDg, 270. 

Selenium and light, 178. 

Siiips and liglitning, 325. 

Short ■circuit, 159. 

Shunts, laws of, 234. 

Siemens' armature, 330. 

BOver (sm Cells). 

, bright deposit of, 300. 

. depositing, 296, 300. 

, first ooating, 298. 

, solution for, 295, 301. 

, , fordifTerent metals,298. 

, , spoilt, 301. 

, , test for silver in, 296. 

, platinized, action of, in cell,'227. 

, to remove, 272. 

Smee's cell (sm Cells), 91. 

laws of electto-metalliugy, 279. 

, defects of, 280. 

Sods, caustic, to piepere, 270. 

Sodium, chloride, elecltolysi* ot 269. 

„_,:,._ ,_ ■- ,Biton,27I. 

iuum, 351. 

smaii wires, &c,35& 

Solutiona (see Names of Metals), 290. 

, eiperitaental tests of, 312. 

— ^, strength of, influence of, in depo- 
siting, 281. 

Spark (see Discharge). 

, colour of, depends on material 62. 

Specific (sea Oonductirity, Heat, 
Energy, Giavity, Beedstauoe). 



Sphere, hollow, obarge of, 42. 
Squares, f lie Uw of, explained, 210. 
Stand for galyanometBr, 125. 
Steel for magnets, TO. 

, plating on, 303. 

Sabstitutiou (.ate Types), 6. 

, energy of, 2H. 

Snlphates, electroljeiB of. 25i, 259. 
Bulpbuiic acid, quality, &c., 88. 
Snifaces, relation of, to electricity, 11. 

, (see Charge, Diatribution). 

, to render oonduoling, 276. 



Tangent ^Ivanomeler, 126. 

, to graduate, 128. 

Telegraph, electric, 359. 

, , aulomatio, 363. 

, , Bain'B cheiDi<ail, 360, 363. 

Telegraphy, duplex, 360. 
Temperature (see Wires). 

, correction for, 185. 

Tension, 153 

, analogous to presmre, 166, 247. 

, difference of, 165. 

, diBtribntiou of, in circuit, 164. 

, in derived oireuila, 166. 

, hydrostatic, illnalration o^ 166. 

shown before oonlact, 81. 

Terms, oonfusiou in, 198. 

of batteries, 80. 

of eiectrolyBia, 240. 

of Static eiectritity, 20. 

Theory, necessity for inowledge of, 
267. 

(see Fluid, Contact). 

Thomson's galTunomt^ter, 136. 
Torsion electrometer, 56. 

, law of, 57, 

Transmitter, automalic, 362. 
^I^es, molecular, 5, S5. 



Unit, ftbeolute, 149. 

, gas volume, 140, 249. 

wi^. 179. 

Unitary system, principlcfl of, 198. 
Units, absolute, tormulte of, 149. 



Unlta, general ratios of, 208. 

, practical electric, 152, 374. 

, , table of, 156. 

, values of, measurement of, 150. 

Universe, matter, force, spirit, 1. 
compared to moleotue, 8, 



Valency of atoms 3, 2*6. 

, variation of, 249. 

VamiBh for glass, 16. 

Teber, nnit of current, 155. 

— ~, chemical value of, 200, 213. 

Telocity, the basis of measurement, 

149. 
Vessels for electric uses, 272. 
Volt, unit of, E M F, 153. 
Voltameters, 139. 

, coppering, 140. 

, Daniell's cell as, 97. 

, Smee's cell as, 140. 

Volume, of gases and heat, 147. 
, of gases and potential energy, 

249. 



W. 

Walls, action of, in electricity, 47. 
Water, decomposition of. 261. 

, not a tnia electrolyte, 260. 

, pure, unknown, 261. 

, type, 6. 

, weight of cube inch, 180. 

Wheatatone (see Bridge, Itheostat). 
Wilde (see Dynamo-elL-otrio), 330. 
Wind, changed by ships, 315, 
Winter's ring, 35. 
Wires, copper, table of, 188. 

, formulse for, 181. 

, gauges of B. W. G., 179. 

, German silver, 137. 

, beat developed in, 143. 

, precautions in naing, 355. 

, properties of, 178. 

, resistance of, adjusting, 163. 

, , effect of heat on, 185. 

, , to calculate, at 60", 182. 

, nnit, principles of, 179. 

Words, importance of, 198. 
Work («M Cost, Dynamo). 






', 187. 



internal, 10, 219. 

n,o,i7PcihyGt)t5'^lc 



Zino, ttnolguiuttioi), BOODomy r^ 87. 

, bending with t^liuderB, 88. 

oleaning, advaiilage o^ ^> 1^1- 

, quality o^ 87. 

, »nlph«te ot; in cell*, 98. 

, , ii Ml«d on bj zinc, 9S. 
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